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‘he quantitative determination of barbi- 
ites in blood serum and other biological 
erials is dependent on one or more ex- 
tions, either with ether (Hanson, 1944; 
ila & Alcaide, 1948; Griffon & le 
ton, 1948; Giotti, 1949; Born, 1949; 
iid & Hine, 1949; Selwyn & Dark, 
0) with chloroform (Filipov, 1946; Gold- 
m, 1948; Walker, Fisher & McHugh, 
8; Lous, 1950) or with benzene (Raven- 
1946). 

‘he barbiturates may then be determined 
ctly in the organic phase (Koppanyi, 
e, Murphy & Krop, 1934; Cohen, 1946) 
after reextraction into aqueous phase 
alker et al., 1948; Gould & Hine, 1949; 
n, 1949; Lous, 1950; Dybing, 1955). 
‘or the separation of the individual bar- 
rates one might use chromatography 
jeg, 1952; Allgén, 1955). 

arbiturates have a relatively narrow ab- 
‘tion band with a maximum at 240— 


260 my in alkaline solutions. The position 
of the maximum is dependent on the pH. 
This absorbtion band is used by several 
authors for the quantitative determination 
of barbiturates (Walker et al., 1948; Gould 
& Hine, 1949; Born, 1949; Lous, 1950). 

All methods for quantitative determina- 
tion of barbiturates in biological materials, 
which claim to give a quantitative recovery 
of the barbiturates present, use either con- 
tinuous extractions or several repeated ex- 
tractions. These methods are tedious and 
time consuming. 

Lous (1950) uses only two extractions, 
one extraction from serum into chloroform, 
and one extraction from chloroform into 
alkaline buffer solution. By this method the 
recovery of barbiturates in blood serum is 
fairly poor (Dybing, 1955). 

The scope of the present work is to pre- 
serve the simplification with only two ex- 
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tractions together with a more quantitative 
recovery of the barbiturates. This is done 
by forcing the barbiturates into the chloro- 
form phase by the removal of water and 
proteins by means of addition of anhydrous 
sodium sulphate. In this way the volume of 
chloroform may be reduced (15 ml of 
chloroform per 3 ml serum instead of 25 ml 
of chloroform per 3 ml serum). As a con- 
sequence of the smaller chloroform volume, 
the volume of chloroform extract needed 
for the reextraction into the aqueous phase 
may also be reduced, thereby ensuring a 
better reextraction. 


EXPERIMENTAL 
Apparatus 


For all extractions 25 ml glass stoppered test 
tubes were used. No form of lubrication was ap- 
plied. The photometric readings were performed 
on a Hilger Uvispec spectrophotometer. The read- 
ings were carried out in matched 10 mm quartz 
cells, 


Reagents 


Sodium diemal (Pharmacopoea Norvegica). 
Chloroform, redistilled. 

HCl, d 1.19, ANALAR. 

NaeSO4, anhydrous, ANALAR. 

Borate buffer, pH 10.0 (Sorensen). 


PRELIMINARY EXPERIMENTS 
Determination of the molar extinction 
coefficient for sodium diemal at 
pH 10.0 at 239 mu 

As no reference was found in the litera- 
ture on the extinction coefficient of sodium 
diemal at pH 10.0 at 239 my, a determina- 
tion was made. 

Sodium diemal was dissolved in borate 


buffer at pH 10.0 in concentrations varying 
from 1.10-4 M to 5.10-4 M. 


Table I. Determination of the molar ex 

tinction coefficient for diemal sodium.D, 

Light absorbtion at pH 10.0 and 239 mp 

D,: Light absorbtion in acid solution an 
Zoo Tin 


Conc.diemal Na (D,—D.,) e39mf4 Log 
1.00 -:10-* M 0.197 3.29 
1.94 -:10-* M 0.392 3:38 
DOV el Om save 0.548 3.26 
3.88 -10-4M 0.760 3.29 
4.86 -10-4M 0.926 3.28 
5.00 -:10-4 M 1.012 3.30 
Mean: Soe 


The difference in absorbance at pH 10: 
and at pH <2 at 239 mu was determine 

The results are given in Table I. It wi 
be seen that the absorbance is in agreemer 
with Beer’s law for the concentrations usec 
Log e« was determined and found to be 3.25 
This extinction coefficient is used in th 
following calculations for determination c 
the concentration of sodium diemal. 


Temperature dependence 


Yarborough, Haskin & Lambdin (1954 
reported a decrease in absorbance with i1 
creasing temperature for several organ 
substances in ultraviolet light. 

The temperature dependence for the al 
sorbance of sodium diemal at pH 10.0 | 
239 mu was investigated. No difference ; 


absorbance was observed at temperatur 
from 19° Cite 36 (@ 


METHOD 

15 ml of chloroform is pipetted into a test tul 
2 g of sodium sulphate is added (measuring spoot 
followed by 0.1 ml HCl conc. 3 ml serum is adde 
The test tube is stoppered and vigorously shak 
for some seconds. An additional portion of 2 
sodium sulphate is added. The test tube is ste 
pered and vigorously shaken for some seconds, 
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sodium sulphate together with water and pro- 
s should by now be present as fairly hard 
ps. The chloroform should be free from drop- 
of water. If this is not the case, an additional 
tion of 2 g sodium sulphate should be added 
the test tube shaken for some seconds. 

\t the same time a blank is made up in the 
e way as the sample, with the exception that 
serum is added to the chloroform. 

3oth sample and blank are now filtered.-The 
nels should be covered with watch glasses to 
rent evaporation of the chloroform. 5 ml of 
clear filtrate is pipetted into glass stoppered 
tubes. 5 ml borate buffer is added. The tubes 
stoppered and shaken vigorously for 3 mi- 
’s. The tubes are centrifugated. About 3 ml of 
aqueous phase of the sample and of the blank 
transferred to 10 mm quartz cells and the 
ple is read in the photometer against the blank 
239 mu. 0.05 ml HCl conc. is added to the 
ple and to the blank. The content in the cells 
aixed thoroughly by means of a stirring rod 
elastic. The sample is again read against the 
kk at 239 mu. 


Calculations 


-hotometer reading at 239 my, alkaline: Di 
*hotometer reading at 239 my, acid: De 
—Dz)- 10.6 = mg sodium diemal/100 ml serum. 


RESULTS 


seven sera from persons who during the 
8 days had taken no form of medicine 
‘e used in these experiments. The results 
analyses of these sera are given in 
le II. It will be seen that most of the 
en sera will give a small extinction at 
) my when they are analysed according 
the described method. The analysed con- 
t of sodium diemal in the seven sera 
ch contained no barbiturates vary from 
—0.6 mg/100 ml expressed as sodium 
nal. This source of error must of course 
considered in the interpretation of the 
lysis. 


Table II. Analysed values for content of 

sodium diemal in sera without addition of 

barbiturate. D,: light absorbtion at pH 10 

and 239 mu. D,: light absorbtion in acid 
solution and 239 mu. 


Serum Sodium diemal Sodium diemal 
No. (D,—D,) found, content 
mg/100 ml mg/100 ml 
1 0.007 0.08 0.00 
0.003 0.03 0.00 
2 0.026 0.28 0.00 
0.057 0.60 0.00 
3 0.022 0.23 0.00 
0.026 0.28 0.00 
0.018 0.19 0.00 
4 0.018 0.19 0.00 
0.020 0.21 0.00 
5 0.049 0.52 0.00 
0.053 0.56 0.00 
0.040 0.42 0.00 
0.032 0.34 0.00 
6 0.046 0.49 0.00 
0.043 0.46 0.00 
0.054 0.57 0.00 
7 0.050 0.53 0.00 
0.049 0.52 0.00 
0.056 0.59 0.00 
0.046 0.49 0.00 


Soidum diemal in varying amounts was 
added to the same sera. The sera were ana- 
lysed according to this method. The results 
are given in Table III. It will be seen that 
the recovery of barbiturate varyies from 80 
per cent to 110 per cent with an average of 
96 per cent. 


DETAILS OF METHOD 
1. Addition of sodium sulphate 


About 3.5 g of anhydrous sodium sul- 
phate will combine with 3 g of water to 
form the heptahydrate. According to this 
2 g sodium sulphate was not enough in the 
extraction of the serum to remove all the 
water. An addition of 4 g sodium sulphate 
proved to suffice and an addition of more 
sodium sulphate (7. e. 8 g) did not seem to 
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Table III. Analysis of sera with known 
amounts of sodium diemal added. D,: light 
absorbtion at pH 10 and 239 mu. D,: light 
absorbtion in acid solution and at 239 mu. 


“ Sample Sodium diemal Sodium diemal 
No. (D,—D,) found, content, 
mg/ 100 ml mg/ 100 ml 
1 0.292 eal 4.0 
0.298 BD 4.0 
0.307 3.8) 4.0 
0.320 35 4.0 
2, 0.745 7.9 8.0 
0.721 The 8.0 
0.695 7.4 8.0 
0.715 7.6 8.0 
3 0.573 6.1 6.4 
0.601 6.4 6.4 
0.618 6.5 6.4 
0.552 bo 6.4 
4 1.072 11.4 11 
0.987 10.5 Pal 
0.972 10.3 12 
1.060 AMES 12.1 
5 1.986 21.0 20.6 
2.014 PANS 20.6 
1.974 20.9 20.6 
1.984 21.0 20.6 
6 0.290 orl 2.9 
0.313 33 2.9 
7 0.460 4.9 4.4 
0.469 5.0 4.4 
8 0.558 5.9 5.8 
0.596 6.3 5.8 
9 0.691 WS dil 
0.696 7.4 7A 
10 0.740 7.8 8.5 
0.723 UA 8.5 


have any influence on the results. However 
it seemed to be most suitable to ensure a 
homogeneous precipitation to add 242 ¢g 
of sodium sulphate with shaking after each 
addition. 


2. Addition of HCl 


to the chloroform-serum mixture had no 
significant effect on the results, but it was 
according to Born (1949) retained to in- 
crease the solubility of the barbiturates in 
the chloroform. 


3. pH during reextraction 


Reextractions with 0.01 N NaOH, wit 
0.1 N NaOH and with borate buffer al 
pH 10.0 were tried. It proved to be satis: 
factory to use the borate buffer of pH 10.¢ 
for the reextraction. According to Lous 
(1950) and Dybing (1955) this pH is the 
most suitable for the measuring of the ab- 
sorbtion of barbiturates. The borate buffet 
of pH 10.0 was therefore retained for the re- 
extraction. 


4. Time of shaking during reextractior 


Experiments to increase the recovery by 
increasing the time of shaking during re. 
extraction beyond the 3 minutes stated by 
Lous (1950) proved to be of no effect. 


SOURCES OF ERROR 


Sulphonamides and related compound: 
will give too high results (Lous, 1950; Niel. 
sen & Pretorius, 1952; Dybing, 1955). 

Salicylates will give too low results anc 
eventually in some cases mask the presence 
of barbiturates (Nielsen & Pretorius, 1952 
Ungar, Damgaard & Wang, 1952; Dybing 
1955) Chromatographic identification of the 
barbiturates might be of interest in these 
cases (Grieg, 1952; Allgén, 1955). 


SUMMARY 


A rapid and simple extraction method fo 
the determination of barbital in blood serun 
is described. 

The barbiturate is extracted from th 
serum into chloroform through a simulta 
neous removal of water and proteins by 
addition of anhydrous sodium sulphate. 
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‘he barbiturate is reextracted from the 
sroform by a borate buffer of pH 10.0. 
“he amount of barbiturate is determined 
ctro-photometrically at’ 239 mu. 

“he molar extinction coefficient for 
ium diemal at pH 10.0 and 239 mw is 
ermined and used for the calculation of 
spectrophotometric readings. 

“he recovery of sodium diemal added to 
am varyies from 80—110 per cent with 
average of 96 per cent. The recovery 
aes of more than 100 per cent are prob- 
y caused by substances other than barbi- 
ites extracted from some of the sera. 
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Investigations on the mechanism of the 
heart’s response to loading have held the 
interest of cardiac physiologists for centuries. 
As early as the 17th century, Stephen Hales 
discovered the discrepancy between the aver- 
age systolic discharge and the volume capa- 
city of the heart ventricles. Roy & Adami 
(1888), however, were the first to prove 
that the residual volume of the ventricles 
plays a most important role in the cardiac 
compensatory mechanism. 

Starling (1918) determined the ratio heart 
volume/stroke volume using heart-lung pre- 
showed that this 
index was fairly constant in healthy hearts 


parations. Calculations 
of varying size, but revealed increases in 
cases of heart failure with cardiac decompen- 
sation. Similar findings have been published 
by Lysholm, Nylin & Quarna (1934) and 
Liljestrand, Lysholm, Nylin and Zachrisson 
(1939), who determined the heart volume 
roentgenologically using the Kahlstorff for- 
mula, and the stroke volume by Grollman’s 
acetylene gas method. In decompensated 
cases Nylin and co-workers found an in- 
crease in the ratio heart volume/stroke 
volume from the normal 10.3 fo an average 
of 13.5. In severe cases of cardiac decompen- 
sation the index rose to more than four times 
the normal. The stroke volume in these cases 


was only about half the normal. The fact | 
that the total heart volume was 2.5 times the | 
normal, together with the hardly visible 
pulsations found on fluoroscopic examina- 
tion, led Nylin to conclude that the enlarge- 
ments are not only the result of regurgita- 
tion, but also result from large residual volu- 
mes. Nylin furthermore maintained that in 
normal individuals the residual 
approximates the stroke volume. 


volume 


Several methods for determining the cir- 
culation time have been published. Gener- 
ally this is not taken to be the time required. 
for a particle to traverse the whole cardio- 
vascular system, but the time needed to pass 
from one point of the circulation to wherever 
registration of the indicator is most con-— 
venient. such as de-- 
cholin, histamine, fluorescine and radioactive — 
materials have been used. When the indi- 
cator is injected into the venous side of the 
system, the time of arrival at the place of 
registration determines the circulation time. 
In cases where the indicator passes the heart 
and lungs, the circulation time has been used 
for a very rough estimation of the residual 
volume of the heart (Nylin, 1943). 

Using the Rohrer-Kahlstorff formula, 
Friedman (1950, 1951) measured the heart 
volume roentgenologically ante mortem, and 


Various substances 
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t mortem after rigor mortis had set in. 
2 amount of blood remaining in the heart 
s then determined by the displacement 
hod. By substracting the post mortem 
n the ante mortem roentgenologically de- 
nined volume, and adding the heart 
estimated by the displacement 
hod, a figure was obtained which agreed 


ame 


ly well with the heart volume as deéter- 
ed by the X-ray method ante mortem. 
this way the residual volume of blood in 
heart could be estimated. 
agerlof, Werko, Bucht & Holmgren 
49) have used the dye injection method 
determining the blood volume in the 
it side of the heart. Evans blue dye was 
t injected through a cardiac catheter into 
pulmonary artery and then at the en- 
ice of the superior vena cava in the right 
icle. Blood was sampled from the femoral 
‘ry. By subtracting the volumes calcu- 
d from the two dye curves, the volume 
plood in the right auricle and ventricle 
, determined. 
ecause of the vagueness of the term 
sidual volume”’ it seems desirable to de- 
-it more exactly. One cannot speak of 
dual volume unless one relates it to a 
-defined cavity (or cavities). Whereas 
ventricles are well-defined, the auricles 
definitely not. Discussions concerning 
auricular residual volume are very un- 
ras a) the contraction of the auricular 
| during its systole is more or less in- 
plete, and at least in auricular fibrilla- 
of minor importance for filling the ven- 
es, b) the blood in the auricles is in con- 
ous movement and c) the contraction 
he auricular muscle is more a peristaltic 
e than a concentric contraction (Wig- 


gers, 1949). In addition to this, the auricles 
and ventricles contract at different times, 
so that the residual volume of the whole heart 
should theoretically be composed of blood 
remaining in the auricles at the end of auri- 
cular contraction, and the blood in the ven- 
tricles at the end of the time interval between 
auricular systole and the beginning of the 
isometric frealaxation of the ventricular 
muscle. In cardiac insufficiency, where the 
auricles as well as the ventricles are more 
or less dilated and often contain several 
litres of blood, the total heart volume deter- 
mined by the roentgenological methods is a 
good indicator of the state of the heart, 
while talk of a residual volume for the whole 
heart is confusing. The residual volume is 
thus only definable as the volume of blood 
remaining in one or both ventricles during 
the isometric relaxation period. 

Bing, Heimbecker & Falholt (1951) have 
described a method for estimating the resi- 
dual volume of the right ventricle. A double 
lumen catheter is introduced into the heart, 
so that when the opening of the longer lumen 
is situated in the pulmonary artery, the 
opening of the shorter lumen is in the right 
ventricle. When the catheter is in this 
position, Evans blue dye is injected through 
the shorter lumen into the right ventricle. 
During each systole, blood mixed with dye 
will pass from the right ventricle into the 
pulmonary artery, from where a part of it 
is removed through the catheter into an appa- 
ratus which continuously registers the dye 
concentrations in the blood (Friedlich, Heim- 
becker & Bing, 1950). In this way a curve 
is obtained with a steep upstroke due to the 
injection of the dye and a slower downstroke 
due to the exponential dilution of the dye 
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Fig. 1. Dye dilution curve obtained in an artificial 
pulsatile system. 


in the blood (Figure 1). Plotting this curve 
on semilogarithmic paper (Figure 2) gives 
a linear dilution curve until recirculation 
sets in, and the cardiac output can be cal- 
culated by the Hamilton formula (Kinsman, 
Moore & Hamilton, 1929). 

The slope of the dilution curve is deter- 
mined by the stroke volume (SV), the resi- 
dual volume of the right ventricle (RV), the 
pulse rate and the so-called catheter factor. 
During the passage of the blood through the 
catheter to the cuvette of the dye-recorder, 
changes in concentration in a cross section 
of the catheter will occur due to mixing, so 
that the downslope of the dilution curve tends 
to decrease with increased length of the con- 
‘ducting tubes. The catheter factor is ‘thus 
defined as the factor correcting the slope of 
the dilution curve obtained to the theoretical 
slope. By examining the influence of the 
flow, the residual volume and the catheter 
factor on the slope of the dilution curves 
obtained in an artificial circulatory system, 
Bing, Heimbecker & Falholt found a linear 
relationship on semilogarithmic paper be- 
tween the ratio flow/RV as the ordinate and 
the slope of the dilution curve as abscissa. 
The application of these findings to humans 
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Tig.2. The dye dilution curve plotted on semi- 
logarithmic paper. Minute volume is calculate 
from the Hamilton formula: flow = mg: 60/area 
where mg is the amount of dye injected, and 
area = area under the curve. 


made possible the estimation of the residual, 
volume of the right ventricle. However, as 
the slope of the dilution curve is dependent 
on the stroke volume and pulse rate, and as 
the combination of various stroke volumes 
with the corresponding pulse rates may give 
the same minute volume, it will be seen that 
estimates of the residual volume based upon 
the minute volume as calculated from the 
dye curve are subject to certain errors. 

The present paper attempts to introduce 
a correction for this into the formula for 
calculating the residual volume of the right 
ventricle. 
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CAECUEATIONS 


onsidering a periodic working pump, in which 
greatest volume (7.e. when the plunger is in 
outer position) is called V, the fluid expelled 
stroke SV, and the fluid remaining in the 
nber RV, we have: 


V=S5V+ RV (1) 


' a certain amount of dye, I, is now injected 
the chamber of the pump, the instantaneous 
entration will be: 


Co == (2) 


or each stroke the concentration of dye in the 
p will decrease by the factor RV/V or, accord- 
eR ES = peel Sep hie 
SV+RV 1+ SV/RV 
entration of dye in the pump after n periods 
lus given by: 


Cn 


to equation (1) 


Co 
= @+SV/RVp (3) 


log Cn = log Co — n log (1 + SV/RV) (4) 


uation 4 expresses the linear decrease of the 
rithm of concentrations of dye during m periods. 
ecording to equation 4 the slope of this curve is: 


a —=—log(1+ SV/RV) ©) 
combining aquations 3 and 5, the following 
ession of a is obtained: 


a = — aloe Cn (6) 
dn 


th is the slope of the dilution curve per period. 
quation 5 can now be expressed as: 


_ d log Cn 
log (1 + SV/RV = ae 
n natural logarithms 
SV/RV = e(-4 Teme @yy| 0h) eee 1 (7) 


quation 7 expresses the relationship between 
ratio of SV/RV and the slope of the dilution 
¢ per period. The curve determined by this 
tion is linear on semilogarithmic paper, when 
.C,,/dn is above 1.5. When below 1.5, the curve 
symptotic to the ordinate axis. 


The application of this formula to the 
human heart would make possible the cal- 
culation of the residual volume of the right 
ventricle using the method described earlier, 
if no mixing of blood occurred during the 
passage through the catheter. As this is the 
case, however, an artificial pulsatile circula- 
tory system was constructed, in which the 
influence of the catheter on the dilution curve 
could be studied. 


PHYSICAL EXPERIMENTS. 


In constructing an artificial pulsatile circulatory 
system certain basic demands must be met: 


1) The residual volume of the chamber of the 
pump must be variable from 50 to 350 ml. This 
was managed by making the bottom of the chamber 
displaceable, and by giving the cylindric chamber, 
c, a diameter of 4.5 cm and a length of 30 cm. 


2) The stroke volume must be variable from 
10 to 100 ml. This was obtained by making the 
fixation of the piston rod variable in relation to 
the centre of the rotating disc, d, and the measures 
of the chamber are as mentioned under 1). 


3) The dye is injected through a stop-cock into 
the chamber immediately beside the inflow valve, 7. 
In order to assure that the dye mixed sufficiently 
well with the fluid in the chamber, the outlet valve, 
0, was built into the bottom of the chamber, and 
the inflow opening was made displacable in relation 
to the bottom position of the plunger. 
portance of this will be seen later. 


The im- 


4) The inflow and outflow valves must be con- 
structed so that regurgitation is excluded. 


5) The outflow tube, t, must be constructed so 
that the tip of the catheter conducting the mixture 
of dye and fluid to the dye-recorder can be placed 
immediately above the outflow valve, and so that 
the fluid passing through the chamber can be col- 
lected and measured. 

6) It must be possible to observe the mixing 
of the dye with the fluid in the chamber directly. 
This was achieved by constructing the cylinder of 
the pump out of plexiglass. 
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Fig. 3. The artificial pulsatile system. 


7) The pump must be able to work at from 60 
to 100 cycles per minute. 

The pump illustrated in Figures 3—4 fulfilled 
all these criteria. 

In the present series of experiments water was 
used as the circulatory fluid. The dye concentra- 
tions were registered by means of a dye-recorder 
constructed by Falholt & Kaiser (1955). The 
minute volume was directly measured and compared 
to that calculated by the Hamilton formula. The 
water was conducted to the dye-recorder through 
the longer lumen of a double lumen catheter from 
the U.S. Catheter and Instrument Company. 

A dye curve from the artificial system is illu- 
strated in Figure 1. The directly measured minute 
volume and that calculated from the dye curves 
are compared in Figure 5. 

The figures obtained from the artificial circu- 
latory system were plotted on semilogarithmic 
paper, the ratio SV/RV being the ordinate and 


Fig. 4. Sketch of the artificial system. i = inflow 
valve. o = outflow valve. 


Will, 


d= rotating disc. s.c. 
= stopcock for injection of dye. 
t = outflow tube. 
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Fig. 5. Comparison of the minute volumes directly 

measured, and those calculated from the dye curves. 

The variation of the points from the theoretical 
curve was below 13 per cent. 
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6. Data from the artificial pulsatile system, 
‘ing the relationship between the ratio SV/RV 
dl.c/dn, the fall in logarithmic concentrations 
re per stroke, plotted on semilogarithmic paper. 
variation of the points from the average line 
:s below 20 per cent. a= theoretical curve. 
b = experimental curve. 


/dn the abscissa (Figure 6). d l.c/dn was cal- 
ed from the equation: 


(1.C1 — 1.C2) * 60 
(tz — t1) * freq. 


ad Leda 


‘e Ci and C2 are two arbitrarily chosen con- 
‘ations on the dye curve, ti and te the corre- 
ding time ‘values, and freq. the number of 
ces per minute. 

will be seen that the curve for SV/RV and 
/dn approximated a straight line. It is to be 
cted that this curve is also asymptotic to the 
late axis at its lower limits. As the mixing 
1e dye with the water flowing in the system 
satisfactory in this area, it was not possible 
etermine the curve here. However, the ratio 
V/RV below 0.07 is probably below physio- 
al limits. 


DISCUSSION 
he application of the experimentally 
loped formula for calculating the residual 
me of humans is dependent on mixing 
dye satisfactorily with the water in the 
ing chamber of the pump. It was easy 
ybserve that the position of the inflow 


opening in relation to the inner position of 
theplunger and to the outflow valve was of 
vital importance for effective mixing. Before 
single dye curves were obtained the inflow 
opening was therefore adjusted to the posi- 
tion which apparently gave the best results, 
being about one third the way up the wall 
of the chamber, when the plunger vas at its 
innermost position. When the inflow opening 
had been so adjusted, the mixing was appar- 
ently perfect when relatively small residual 
volumes were present. In order to obtain 
good mixing even with large residual volu- 
mes (250—300 ml), a propeller was fixed 
to the inner surface of the plunger. 

In order to observe the result of bad 
mixing, the inflow opening was placed im- 
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Fig. 7. Data from the artificial system, when the 
mixing of dye with the water flowing through the 
chamber was intentionally bad. It may be seen 
that in this case a linear relationship between 
SV/RV and dl.c/dn on semilogarithmic paper 
was obtained. 


12 W. FALHOLT 


ES eS eS ee 


mediately above the site of the inner position 
of the plunger. It was easily observed that 
the mixing was poor, and that the dye was 
expelled from the chamber after a few 
strokes of the pump. In spite of this, the dye 
curves obtained showed an exponential dilu- 
tion, but the slope of the curve was steeper 
than was to be expected with the present 
systolic and residual volumes, and the flow 
calculated agreed only poorly with that 
directly measured. As seen in Figure 7 the 
relationship between SV/RV and d l.c/dn 
was linear on semilogarithmic paper even in 
this case. In other words, the fact that a 
linear relationship is found is no indication 
of good mixture in the chamber. 

According to the above, the exponential 
curves obtained in humans for residual 
volume determinations using the method de- 
scribed earlier are not indicative of good 
mixing in the ventricle. If the mixture of 
dye and blood in the right yentricle is not 
perfect, this means that pools of blood remain 
stagnant in the ventricle. Consequently the 
residual volume determined by the present 
method must be considered too small. In 
Bing’s method, the dye is sprayed through 
the 5 openings of the shorter lumen of the 
catheter into the right ventricle, and the dye- 
blood mixture may be perfect. Assuming 
that pools of blood mixed with dye are re- 
tained in the right ventricle, a part of the 
dye injected will remain in the ventricle. If 
Hamilton’s formula is used, the cardiac out- 
put will then be overestimated, and the sub- 
sequent calculation of the residual volume 
will likewise give a spuriously high figure. 

Whether one considers dye and blood to 
be mixed perfectly in the ventricle is a matter 


of persuasion. Especially where there are 


very large residual volumes (600—700 ml) 
the belief will have to be questioned, and the 
figures obtained by Bing’s method are mini-|, 
mal values. In the human heart, however, : 
where blood passes from the auricle through: 
the tricuspid valve into the irregularly shaped 
ventricle, furnished with trabecles, and where: 


f 


the blood changes direction about 160°, the) 
flow must undoubtedly be very turbulent, 
which makes perfect mixing of the dye with 
the blood in the ventricle probable. 

The influence of the catheter factor on the 
relationship between the ratio SV/RV and | 
d Le/dn is illustrated by curves a and 0 in) 
Figure 6. It will be seen that the influence 
of the catheter increases as the ratio SV/RV 
rises. Thus the catheter factor must neces- 
sarily be corrected for, for each type of 
catheter used, using fluid of the same visco- 
sity as whole blood at 37° C. Furthermore, 
when Bing’s method is applied to humans, 
the suction of blood through the catheter: 
must not exceed the rate where, laminar blood 
flow is changed into turbulent flow. 

The relatively large deviations of certain’ 
points from the average curve ) in Figure 6 
is possibly attributable to insufficient mixing 
of the dye with the water in the chamber of. 
the artificial system. If this is the case, and 
the mixing of dye with blood in humans is 
prefect, the error of residual blood volume 
determinations in the right ventricle is below 
20 per cent. 


SUMMARY 


Based upon the method for estimating the 
residual volume of blood in the right heart 
ventricle published by Bing, Heimbecker & 
Falholt, a new formula for calculating the 
residual volume is proposed. 


RESIDUAL VOLUME OF HEART VENTRICLES 13 


. formula expressing the relationship be- 
en the ratio SV/RV and the fall in loga- 
mic concentrations of Evans blue dye in 
pulmonary artery after injection of the 
into the right ventricle has been devel- 
z. ; 

yy means of a mechanical pulsatile circu- 
ry system, where the stroke volume, resi- 
| volume and the stroke frequency can 
varied independently, a correction for the 


mixing occurring during the sampling of 
blood through a cardiac catheter has been 
established. 

The approximation of the relationship be- 
tween SV/RV and the fall in logarithmic 
concentrations of dye per heart beat to a 
straight line is thus mathematically and 
physically proved. 

The errors of the method are discussed. 
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The discovery of leukocyte antibodies in 
the serum of patients with leukopenia has 
actualized the need of a simple method for 
separation of leukocytes from human blood. 
Such a method may be valuable also for 
morphological and biochemical investigations 
of leukocytes. The ideal suspension of leuko- 
cytes has to be free from foreign substances, 
red cells and platelets, and the leukocytes 
must be undamaged and unagglutinated. As 
may be sen from Table I, most methods re- 
cently used do not fulfil these requirements. 
The suspension obtained by Tullis (1953) is 
probably relatively fre from red cells and 
platelets, but he does not say whether it is 
completely so. The special centrifuge re- 
quired limits the use of the method to cer- 
tain special laboratories. According to Vallee, 
Hughes & Gibson (1947), and to Singer, 
Silberbach & Schwartz (1947), the suspen- 
sions obtained by their respective methods 
are not homogeneous enough for accurate 
counting. Hence, they are not satisfactory. 


METHODS TESTED 


As suggested by Dausset, Nenna & Brecy 
(1954), defibrinated blood was used, and the sedi- 
mentation rate of the red cells increased by addi- 
tion of Plasmosan (3.5 per cent polyvinylpyrro- 
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lidonc). All the glassware was siliconized, exept 
the glass beads for defibrination, and the proce- 
dure carried out under aseptic conditions. About | 
50—60 ml of venous blood was drawn into an 
Erlenmeyer flask containing glass beads, and the | 
flask rotated for about 15 minutes. About 10 ml 
of the blood was removed for separation of serum, 
the remainder poured into a gradated glass cylinder, | 
and ¥% per volume of Plasmosan added. After 
mixing in another bottle, the mixture was pipetted | 
into 12 ml centrifuge tubes, taking care that the 
inner wall of the tubes above the surface remained 
clean. The tubes were then stopped an incubated | 
at 37° C, standing at a 60° angle to the horisontal 
plane. After 45 minutes the upper two-thirds of 
the serum layer was pipetted off, using a Pasteur 
pipette, into one or several centrifuge tubes. These 
were cooled off in a refrigerator and centrifuged for. 
5 minutes at 1,500 rpm under cool conditions. If a 
cold centrifuge is not available, it is quite satis- 
factory to use an ordinary centrifuge with large 
cups half filled with ice. The supernantant was | 
removed and the sediment resuspended in saline or | 
Plasmosan-free serum. 


{ 


* 

If a completely red cell-free suspension of leuko=_ 
cytes was wanted, the procedure was slightly modi- . 
fied. After sedimentation at 37° C, saponin solution 
was added to the supernatant, the hemolysing power 
of the saponin used having previously been titrated. 
In most instances, about 1/20 per volume of a 
10 per cent solution in distilled water had to be 
added to lyse all red cells remaining in the serum. | 
After half an hour at room temperature, the suspen- 
sion was cooled and centrifuged as mentioned 
before. Ten times less, 7. ¢. 1/20 per volume of 
a 1 per cent solution of saponin, was sufficient if 
the saponin was added after centrifugation and. 
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able I. The presence of red cells, platelets and foreign substances 


suspension produced b 


LEUKOCYTES 


in the leukocyte 
y different methods. 


Authors Red cells Platelets Anticoag. Other substances 
NRSC WaltZeari. devecien sen aseers eee (1954) + ie Heparin — 
mnsteiner, Pakesch & Vetter ......... (1953) | ** ate Heparin _Polyvinylpyrrolidone 
Sete Nennaie, BLecy avcce cece r an fein (1954) + —_ — Polyvinylpyrrolidone 
asmit & van Loghem .....:.......- (1953) + — — Dextran 
MBLICIEM nba va tarns Sisee cone en Mics. Sp aveoh we (1954) + ** | ** Heparin* Fibrinogen, Triton 
MIAOMDUIMELES tsi ckavaccliccveriea ine Oak (1948) f + ** Heparin Fibrinogen 
SMOMMAT ECC LO CIINIC teaser. Sintside eee ene (1952) + + Heparin _Polyvinylpyrrolidone 
EetissonconVaikbladhi .. er ace as anes (1945) -f + Heparin 
fer, Silberbach & Schwartz .......... (1947) — + ** Heparin _Lysolecitin, 
Gramicidin 

[S o'e OS: occa cece eee re (1953) —** —** — Dextran* 
aoe Aue nesic GibSOfe aac ced ee eae ees (1947) — + Heparin Albumin 
SEO TELIN AMEN PAS ac a ucetadovepote tel one (1954) + Sequest- 

* Later removed by centrifugation and washing. rene 
** 


Not clearly stated by the authors 


spension of the leukocytes in saline. After 30 
stes at room temperature, the suspension was 
ed and centrifuged a second time at 1,500 rpm 
5 minutes, the supernatant removed, and the 
. resuspended in saline or serum. 

igas & Osgood (1954) have suggested the 
of phytoagglutinin to enhance the sedimenta- 
rate. This method was tested, using a con- 
ration of 0.1 mg phyto-agglutinin per ml of 
d. The concentration was more than ten 
s stronger than the titer limit when whole 
d was used for the titration, but in spite of 
ng agglutination, the sedimentation rate was 
satisfactory. The red cells settled more rapidly 
1e blood was diluted with the same amount of 
1e before the addition of phyto-agglutinin. How- 
, the sedimentation of red cells was less com- 
> than with the use of Plasmosan. 


RESULTS AND COMMENT 


Jefibrination of the blood removes the 
elets and renders it possible to avoid 
coagulants, but the leukocyte count is 
inished by the defibrination, probably be- 
se some leukocytes stick to the fibrin clot. 
en leukocyte counts were performed be- 
and after defibrination, their number was 
id to be about 20—30 per cent less after 


defibrination. After addition of Plasmosan 
and sedimentation for 45 minutes at 37° C, 
the leukocyte count in the serum was about 
20 per cent less than that in the defibrinated 
blood. About 15 ml of serum was usually 
obtained from 50 mil of defibrinated blood. 
Hence, the recovery of white cells was about 
% of all the white cells in the blood drawn 
from the donor. 

The effects of Plasmosan and of Macrodex 
on the sedimentation of red cells were com- 
pared and found to be about the same. Both 
of these substances enhanced the sedimenta- 
tion rate more effectively than did phyto- 
agglutinin in the concentration tested in the 
present experiments. It seems to be a matter 
of taste whether Plasmosan or Macrodex is 
used. However, if saponin is added to lyse 
the red cells, Macrodex cannot be used, be- 
cause it was found to inhibit the saponin 
hemolysis to a marked degree. 

The addition of saponin, in the above men- 
tioned concentration, did not affect the leuko- 
cyte count, neither did the centrifugation 
under cool conditions. 
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Fig. 1. 
cells. 


Suspension of leukocytes and a few red 
No saponin used. x 400. Phase contrast. 


The vitability of the leukocytes of the 
suspension obtained, was estimated by study 
under a microscope with ordinary and phase 
contrast optics. If no saponin had been added 
during the procedure, the leukocytes of the 
suspension looked quite normal and un- 
damaged for several hours. They showed 
normal ameboid movement, and the granules 
were in lively motion (Fig. 1). They main- 
tain their motility equally in saline as in 
serum and, if the remaining traces of Plas- 
mosan are to be removed, the leukocytes 
may be washed with saline. When saponin 
was used, the leukocytes seemed to be dam- 
aged to a varying degree. Sometimes most 
leukocytes still looked normal, but some of 
them had shrunk, and small clumps of leuko- 
cytes were always seen. The damage seemed 
to be more severe if saponin was added to 
cells suspended in saline, even if the concen- 
tration was lower than when added to leuko- 
cytes in serum. The motility of the cells was 
poor, and the nuclei of many cells were swol- 
len (Fig.s 2 and 3). 

The use of siliconized glass ware was 
found essential, not for the preservation of 
leukocytes, but for a more complete sedi- 


Fig. 2. Suspension of leukocytes after saponin 
hemolysis of red cells. > 400. Phase contrast. 


mentation of the red cells, because a smaller 
number of erythrocytes stick to the glass in 
the serum layer if the glass is non-wettable. 

After centrifugation and resuspension in 
saline or serum, the leukocyte count may be 
standardized. The present author found a 
suspension of 10,000 leukocytes per mm% 
suitable when used for the demonstration of 
leukocyte agglutinin in patient sera. For 
this purpose it is not necessary to remove all 
red cells, and the saponin technique is not 
applicable owing to some tendency of the 
leukocytes to stick together. However, if the 
tubes are siliconized and, after sedimentation, 


Fig. 3. Leukocytes damaged by saponin. 
Phase contrast. 


x 1000 
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more than % of the serum layer is care- 
y pipetted off, the suspension obtained 
n contains less red cells than leukocytes, 
this suspension may well be used to 
onstrate leukocyte agglutinins in sera. 
suggested by Dausset, Nenna & Brecy 
54), the remaining red cells may be lysed 
1 acetic acid before reading the agglutina- 
test, but it is by no means necessary if 
number of red cells is equal to, or less 
. the number of white cells. 


SUMMARY 


fethods for separation of leukocytes from 
d were tested as to the quantitative re- 
sry of cells, the purity of the suspensions, 
the viability of the leukocytes. By the 
nod of Dausset, Nenna & Brecy (1954), 
using siliconized glassware, the recovery 
vhite cells was about %, and the final 
yension contained the same amount of 
cells.as leukocytes, or slightly less, and 
platelets. The white cells seemed to be 
amaged, and their motility was normal. 
remaining red cells may be removed by 
ynin hemolysis without affecting the num- 
of white cells, but the procedure damages 
leukocytes. 
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The absorption of penicillin administered 
orally is irregular (Valentine & Shooter, 
1954). 


usually employed, except for infections due 


This is why the oral route is not 


to very sensitive organisms and for pro- 
phylaxis. 

One of the most recent penicillin prepara- 
tions for oral administration is phenoxy- 
methylpenicillin, or V_ penicillin, commer- 
cially available both as an acid and as potas- 
Behrens discovered phenoxy- 


1948 but it 
after 


sium salt. 


methylpenicillin as early as 


assumed clinical importanse only 
Brandl, Giovannini & Margreiter had found 
in 1953 that it retained its effect at very low 
pH in vitro and were able to show (1954) 
in both human and animal experiments that 
it was appropriate for oral use. 
Phenoxymethylpenicillin proceeds unde- 
composed from the stomach to the duodenum 
where it is dissolved and absorbed rapidly 
(Spitzy, 1953; Giovannini, 1954). After the 
administration of 1000 units/kg of phenoxy- 
methyl penicillin per os, 0.2 units/ml were 
found (Grandl et al., 1953) in the serum 
within half an hour and 0.3 units/ml after 
one hour; subsequently the serum concentra- 
tions gradually decreased, leaving 0.16 units/ 
After four 


hours no appreciable amounts of penicillin 


ml in the blood after three hours. 
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Maria Hospital, Helsinki, and the Department of Serology and 
University of Helsinki, Finland 


were found in the serum. A comparison of 
the serum levels of phenoxymethylpenicillin 
and benzyl penicillin showed (Sjoberg, 
Brante & Rigner, 1955) that phenoxymethyl- 
penicillin gives twice as high concentrations 
as the corresponding amount of benzyl peni- 
cillin. As the antibiotic effect of phenoxy- 
methylpenicillin is approximately the same 
as that of G,penicillin (Kylin, 1955) and no 
differences obtain in toxicity, it seems that 
in phenoxymethylpenicillin we have a useful 
preparation for oral administration. 


PRESENT INVESTIGATIONS 


We have studied the blood levels of 
phenoxymethylpenicillin in hospital patients. 
concentrations obtained with 
phenoxymethylpenicillin acid and phenoxy- 
methylpenicillin potassium were compared 
and these substances were also studied for 
differences between preprandial and post- 
prandial administration. 


Penicillin 


The patient material, which was entirely un- 
selected, comprised rmale and female bedridden 
adults of the Medical Department of Maria Hospi- 
tal. Tablets containing 100000 units of phenoxy- 
methylpenicillin acid each or 100000 units o: 
phenoxymethylpenicillin potassium, respectively 
were used. The initial dose was only one tablet 
per patient. But it soon transpired that the con: 
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ations in the serum varied to such an extent 
the lowest serum concentrations could not be 
mined by our method. For this reason the 
e dose was made 300000 units. To observe 
rate of absorption, serum concentration level 
duration, 10 patients were given 300000 units 
yhenoxymethylpenicillin acid on a fasting 
ach 2 hours before a meal. The serum samples 
taken after %, 1, 2 and 4 hours. A similar 
dure was followed with another 10 patients 
were given 300000 units of phenoxymethyl- 
illin potassium. 

ae blood levels of penicillin were determined by 
lisc plate method. The culture medium con- 
{ of Difco streptomycin assay agar (pH 7.4) 
the test organism of penicillin-sensitive Sar- 
lutea strain. The sterilely drawn blood samples 
allowed to stand at room temperature for an 
and centrifuged. A paper disc 15 mm in 
eter was dipped in the serum thus separated, 
red to dry in the air and placed on an in- 
ted agar plate. After a 24-hour incubation 
°C the diameter of the zone of inhibition was 
ured. By comparing its size with the zones 
tiibition of the known penicillin concentrations 
e so-called standard series, the penicillin con- 
ation of the serum involved could be computed. 
rent standard series were prepared for both 
phenoxymethylpenicillin acid and phenoxy- 
ylpenicillin the Sarcina lutea 
3 employed proved to be slightly more sen- 


potassium as 


» to the latter. The penicillin dilutions of the 
lard series could be made in physiological 
2 as it was found that the addition of serum 
ot affect the sensitivity of the test organism 


he results are given in Fig. 1. 

can be seen that both phenoxymethyl- 
cillin acid’ and phenoxymethylpenicillin 
ssium give high serum concentrations 
in half an hour. The maximum level was 
hed 
es gradually decline to minimal blood 
s after 4 hours. Although the curves of 
two penicillins are practically the same, 


in one hour. Subsequently the 
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10 
O——O PHENOXYMETHYLPEN/CILLIN AC/D 


@ —-@ PHENOXYMETHYVLPENICILLIN POTASS/UM 


4.2 


UNITS PENICILLIN/ ML BLOOD SERUM 


HOURS 4 


1/2 4 2 


Fig. 1. Concentration of penicillin in serum at 

different times following administration of 300000 

units of phenoxymethylpenicillin acid (average of 

10 cases) and phenoxymethylpenicillin potassium 
(average of 10 cases). 


phenoxymethylpenicillin potassium seems to 
give higher values. 

The effect of meals on the blood levels of 
phenoxymethylpenicillin was studied with 
120 patients, divided into groups of 30. One 
of the groups was given 300000 units of 
phenoxymethylpenicillin potassium an hour 
before the meal on a fasting stomach, another 
the same dose immediately after a meal; the 
other two groups were treated similarly with 
phenoxymethylpenicillin acid. The blood 
samples were drawn 1 hour after penicillin 
administration. It can be seen from Table | 
that phenoxymethylpenicillin potassium gave 
slightly higher values than phenoxymethyl- 
penicillin acid, and that postprandial adminis- 
tration of the phenoxymethylpenicillin acid 
in particular gave lower values. This is also 
indicated by the mean values for each group. 

Table I shows that the individual values 
varied greatly with both penicillins in each 
of the groups. 
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Nee ee eee eee eee 


Table I. Penicillin concentrations, units/ 
ml, in the serum 1 hour after the oral admin- 


istration of 300 000 units. 


Phenoxymethylpenicillin Phenoxymethylpenicillin 


potassium acid 
On fasting After a meal On fasting After a meal 
stomach stomach 


Patient 


1 0.25 0.25 | 61 0.25 91 0.25 
2 1.255 0.6 62 | 0.8 92 0.25 
3 1e2 0.7 63 | 0.8 93 0.25 
4 2.0 1.0 | 64] 1.25 94 0.25 
5 2.0 WA || 5) 1525 95 0.25 
6 oes) ILS || Looe) IGE) 96 0.6 
i Zo 125 G7 ele 2S: 97 0.6 
8 2 1250 BOSm mle) 98 0.6 
9 DS Ly || 8) |) Bw 99 0.6 
10 Dap 1.25 | 40 | 2.0 100 0.6 
11 es) EY I) ZL Nl AKO) 101 0.6 
12 7355) ides) WE \| As 102 0.7 
13 3.0 AAD) || HE 2:5 103 0.9 
14 | 4.0 PAD 76> || Ae 104 0.9 
15 4.0 HAV Viral CAV 105 0.9 
16 4.0 2.0) |): 76" |0"4.0 106 1.0 
17 4.0 Psy Ap A Gao 107 fe25 
18 4.0 2D 78 | 4.0 108 1.25 
19 5.0 Pee || IR AG 109 2.0 
20 5.0 2.5 80 | 5.0 110 2.0 
21 5.0 P25) 81 5.0 its esl 25 
22 5.0 4.0 823) 520 112 235 
23 5.0 5.0 83 5.0 113 Pp) 
24 5.0 5.0 84] 5.0 114 2D) 
BS 5.0 5:0 535 5.0 115 3.0 
26 8.0 SAO) Wetsto) SC) 116 4.0 
27 8.0 GLOM 877.0 117 4.0 
28 (0) |h fetes |] t5300) 118 5 
29 10.0 | 89 | 10.0 119 5.0 
30 HOLO! =| 2905) 1010 IPO | Suv 
Ave- 
rage 4.3 3.0 3.8 ihe 7/ 
SUMMARY AND CONCLUSION 
Phenoxymethylpenicillin potassium and 


phenoxymethylpenicillin acid are absorbed 
rapidly, and a high concentration is obtained 
in the blood within half an hour. The maxi- 


Within fou: 


mum is reached in one hour. 
hours the values obtained with the two peni 
cillins are practically of the same order, fo! 
phenoxymethylpenicillin potassium slightly 
higher. The individual values varied greatly: 

Phenoxymethylpenicillin administered or 
a fasting stomach gave higher penicillin con) 
centrations in the serum than when adminis: 
tered postprandially. Phenoxymethylpeni 
cillin acid in particular gave lower bloo¢ 
levels when taken after food. Thus the pres 
prandial administration of phenoxymethyl: 
penicillin seems to be indicated as recom 
mended earlier for other penicillins (Binns 


1953). 
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From the Laboratories of Clinical Chenustry, Malmé General Hospital, Malmé, Sweden 
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ow & Gronwall (1952) described a 
od for locating and assessing the serum 
proteins after electrophoretic separation 
filter paper medium, oxidation with 
dic acid, and subsequent staining with 
in sulfite. Bjornesjo (1955) recently 
shed a detailed description of the tech- 
» and an analysis of the error of the 
od. All of the glucoproteins studied 
ed with an intensity varying with the 
amount of protein-bound polysaccha- 
, and variation in the composition of 
elysaccharides was found to be of minor 
ftance. These observations were made 
e analyses of glucoproteins with hexose, 
samine and sialic acid in varying pro- 
on. 
ese investigators estimated the distribu- 
of the various components photometri- 
The accuracy of photometric determi- 
ns is impaired by the fairly strong color 
e background 7. e., the paper strips. If 
arious fractions studied are to be com- 
| with regard to their mobility, direct 
metry is preferable to elution of the 
On the other hand, in quantitative 
mination of the distribution of different 
onents the elution technique is prefer- 
because of the unavailability of photo- 
> instruments with satisfactory accuracy. 
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We have devised a method for quantitative 
elution of the dye from the various paper 
segments, this technique being considered the 
most suitable for routine analysis of the 
glucoprotein pattern. 


METHODS 


Electrophoretic separation— The electrophoretic 
technique was described in a previous paper 
(Laurell, Laurell & Skoog, 1955). Serum sample: 
0.02 ml. Separation distance: 9 cm. Drying: at 
110° C for 10 minutes. 


Staining. — Staining technique according to 
Bjornesjo (1955), but modified in the following 
respects : 

Sulphite rinse solution: 8 g of potassium meta- 
bisulphite was used instead of 4 g. 


Step 3. Rinsed twice in 70 per cent ethanol in- 
stead of once. 

Between step 5 and step 6 the paper is dried 
between sheets of filter paper. 


Step 8 is omitted. 


A number of elution procedures using varying 
solvents, acids and bases were tried, but only the 
technique described below gave acceptable results. 


Elution. — The stained strips are air-dried at 
room temperature. The dried strips are cut into 
segments containing albumin, a1, a2, 6 and y frac- 
tions respectively. A blank segment is taken from 
every strip. 

Each segment is weighed and placed in a tube 
(12 ml) with a ground stopper. 

5 ml of 1 N NaOH is added to every tube. 
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The tube is placed for 20 minutes in a bath with 
circulating water (70° C). Immediately afterwards 
i.c., while the tubes are still warm, 5 ml of absolute 
alcohol is added. The tubes are then shaken vigor- 
ously and allowed to cool at room temperature, 
after which 1 ml of acetic acid is added. 

The color, which is read against water in a 
Beckman photometer at 550 stable for 
several hours. 

The extinction value per mg of paper blank is 


mi, 1s 


calculated, and the values found for the various 
fractions corrected accordingly. The distribution 
of the dye among the fractions is calculated. 


Calculation: 


Example: albumin fraction 


EXplank ° Mg il.fr. 


(Exe... — )- 100 
mg blank 
= Exp ink 
Eke 
Mblink 


Protein-bound hexoses of serum was determined 
with anthrone according to v. Holt (1954). 


EXPERIMENTAL 
Identical spots of serum (0.02 ml) are 
pipetted onto series of moistened filter paper 
strips. The paper strips were dried at 110° C 
for 10 
according to a modification of Bjdrnesjo’s 


minutes. They were then stained 
technique, but the concentration of the potas- 
sium bisulphite in the sulphite rinse solution 
ranged from 0.2 to 0.8 per cent. The dye 
was eluted by the procedure described in the 
foregoing, but at a number of different 
temperatures. Each strip included a blank. 
The extinction values recorded (corrected 
against the value found for the blank) are 
given in Fig. 1, from which it is clear that 
throughout the entire range of temperatures 
used the values varied with the concentration 
of the bisulphite and that the absolute values 
varied with the elution temperature. At room 


EXTINCTION 


TEMPERATURE ) 


Fig. 1. Influence of temperature and bisulphite cor 
centration in the sulphite rinse solution (range 0. 
to 0.8 g/litre) on the yield obtained on elution ¢ 
filter paper strips containing stained poly- 
saccharides. 


temperature elution of the dye was incom 
plete. Neither was it complete on prolong 
tion of the elution to 24 hours. The use ¢ 
a higher temperature accelerated elution, an 
when elution was carried out within a rang 
of 60° to 80° C, it appeared to be complet 
within 15 minutes, since the yield did mn 
increase on further prolongation of elutic 
At 100°C the extin¢tid 
the color of tk 
sample changed from red to red-brown. 


(max. | hour). 


values were lower, and 
The experiments showed: that the use « 
bisulphite in a concentration higher than thi 


given by Bjornesjo increases the intensity 


| 6 12 18 2+ 


| PROTEINGOUND HEXOSES (m9) 


| 
|. Relationship between the color eluted at 
. and the polysaccharide content of the spots 
Ihen using two bisulphite rinse solutions 

| (0.4 and 0.8 g/litre). 


plor ; that elution at 70° C is more rapid 
‘at room temperature; and that boiling 
, the dye. 

‘€ purpose of the experiments described 
ry was to check whether the amount of 
luted varied with the quantity of gluco- 
ins used. 

Hilution series of normal serum was set 
[wo series of spots were stained. One 
_ was rinsed with 0.4 per cent bisulphite 
» rinse solution, the other with 0.8 per 
| The results obtained on elution at 
) are given in Fig. 2, from which it is 
that the concentration of the dye in 
‘uate varied almost linearly with the 
mtration of the glucoproteins in the 
iments using 0.8 per cent bisulphite, 
pt in those using 0.4 per cent. Variation 
» elution temperature had no effect on 
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this linear relationship. It is true that the 
curve for the experiments using the higher 
concentration of bisulphite also showed a 
tendency to deviate from a straight line, 
but not along that part corresponding to con- 
centrations of glucoproteins obtainable on 
electrophoretic separation, where it was prac- 
tically straight. 

The the 
among the different electrophoretic fractions 
was studied by the staining method and 
elution procedure described in the foregoing. 
Sera prepared from blood collected from 


distribution of glucoproteins 


healthy donors in the fasting state was ana- 
lysed for assessing the normal variation of 
the relative distribution of the serum frac- 
tions. The variation found included not only 
the biologic spread, but also the error of 
the method. The relative distribution of the 
dye among the various electrophoretic frac- 
tions was determined (Table I). The hexose 
content of the various fractions was then 
calculated from the values found for the 
neutral protein-bound hexoses (Table II). 
The protein content of each fraction was 
also determined (Table III). . 


Table I. The distribution per cent of the 
fuchsin-sulphite stain among the various pro- 
tein fractions. The figures are calculated 
from the results obtained on analysis of 
samples from 34 healthy blood donors. 
The figures in brackets are taken from 
Bjornesjo’s paper (1955). 


Albumin aa a2 p y 
Mean value 8.7 ZleZ 36.0 Zone 8.2 
Cy COD) (CBD CRESS (OWAZ3) 
Se) Zul 2.9 3.4 a) 2.6 
(AS) (G8) (4:7) (Ot) 245) 
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babe Ip 
hexoses in the various electrophoretic frac- 


The amount of protein-bound 


tions given as mg per 100 ml serum. 
The calculation is based on the assumption 
that the color varies in direct proportion with 
the hexose content of the various fractions. 


> eee 

Protein Albus 
bound 
hexoses 


A O1 a2 
min p ? 


Mean value 119 10 25 43.5 30 10 
S.D. Oe <2 gS Ey KO SB 


Table III. Distribution of the serum pro- 

teins among the various electrophoretic frac- 

tions. 34 healthy blood donors. All values 
are given as g per 100 ml serum. 


Serum Alb 


protein ~ oe a B ? 
Mean 7.1 4.55 0.34 = 0.53 0.83 0.87 
Ss ID WA ale} 0.032 0.055 0.11 0.084 
Table IV. Protein and carbohydrate in 


serum and the electrophoretic y-fraction from 
two children with agammaglobulinemia. 
Serum from patient 1 was collected 
during an infection. 


mg per 100 ml serum 


g per 100 ml serum Protein-bound 


Case hexoses in 
serum y- y- 
protein | globulin Serum fraction 

1 6.0 0.13 224 1 
2, 6.5 0.14 141 2 


The amount of carbohydrate in the y-frac- 
tion can, theoretically, depend on the amount 
of carbohydrate bound to the y-globulin, on 
the amount of protein-free neutral polysac- 


charides and on the amount of glucoprotein 
adsorbed to the paper. In order to elucidat 
this point, experiments were carried out wit. 
sera from two patients with agammaglobuli 
nemia. The total content of neutral protein 
bound hexoses was somewhat higher tha’ 
normal in one of the sera because the sampl 
had been collected when the patient was suf 
fering from an infection. The results ar 
given in Table IV. The low carbohydrat! 
content in the fraction of sera from thes 
patients shows that the normal values give/ 
for polysaccharides in the y-fraction can b 
ascribed above all to a protein polysaccharid 
complex with y-mobility. 


DISCUSSION : 


Adsorption of the glucoproteins to th 
paper during the electrophoretic migratioi 
involves the risk of the values found for th 
fastest fractions being fictitiously low. There 
fore we interrupt the current as soon as th 
main fractions are distinctly separated. | 

The stained strips have a relatively intens 
red background (high blank values). Thi 
is, however, of minor importance because 
can be corrected for by careful gravimetri 
determination of the mass of the paper be 
longing to each fraction. The most importan 
modification of the staining technique is th 
use of twice the amount of bisulphite in th 
bisulphite rinse solution. With this increase 
concentration of the bisulphite the polysac 
charides are stained more intensely and th 
amount of dye eluted is directly proportioné 
to the amount of glucoproteins used. Thi 
proportionality is not obtained by Bjornesj6’ 
staining method, even though elution appeat 
to be quantitative. 


| 
| 


DETERMINATION OF THE GLUCOPROTEIN PATTERN OF NORMAL SERUM AS 


MAL DISTRIBUTION OF THE POLY- 
LHARIDES AMONG THE VARIOUS 
ELECTROPHORETIC FRACTIONS 


ble I compares the carbohydrate distri- 
n found by Bjornesjo (1955) for 30 
hy adults with that found in the present 
rial It is clear that the standard 
ition for each fraction determined by 
nesjo’s technique is larger than that 
1 for our method. The elution technique 
appeared to give more reliable values 
the photometric method. Bjornesjo 
found a relatively larger albumin frac- 
‘(13.1 against 8.7) and gamma fraction 
, against 8.2). This might be due to the 
»sisulphite concentration with consequent 
'vely more intense staining of fractions 
(a low polysaccharide content. Which 
e two methods provides the better mir- 
if the distribution remains to be proved 
ither methods. Both can be used for 
ral purposes because the absolute value 
only subordinate importance provided 
wormal variation is defined. Every ana- 
‘must determine the normal variation 
elf, because slight deviation in the instru- 
‘s and technical procedure can result in 
what different reference variations. 

might be mentioned that the major por- 
of the polysaccharide content given for 


the y-fraction consists of the true polysac- 
charide-protein complex of the same mobility. 
This is apparent from the results of the 
analysis of sera from patients with agamma- 
globulinemia. 


SUMMARY 


A modification of the method developed 
by Koiw & Gronwall and by Bjornesjo for 
staining serum polysaccharides after paper 
electrophoretic separation and a method for 
eluting the color from the stained papers are 
described. 

The normal range of variation of the gluco- 
protein pattern is defined. 
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Oxygen deficit (absolute oxygen deficit) 
is the difference between oxygen uptake, 
when breathing oxygen, and, on the other 
hand, ordinary air. The oxygen deficit is 
determined at rest and at a series of work 
loads. At each load the subject first works 
breathing air, then oxygen. If the oxygen 
uptake when breathing oxygen exceeds that 
when breathing air by 100 ml per min. or 
more, the difference is called oxygen de- 
ficit; it is considered that this load exceeds 
the subject’s capacity for protracted work. 
The oxygen deficit has been extensively 
used as a measure of the functional capacity 
of respiration and circulation in Germany, 
Switzerland and France. The value of the 
method has been recently reviewed by 
Valentin & Venrath (1952a,b). 

The spirographic oxygen deficit essen- 
tially reflects deficient oxygen saturation of 
arterial blood, though there may also be 
other contributory factors (Jéquier-Doge, 
1950). Technically its determination is sim- 
pler than taking arterial blood samples dur- 
ing exercise. Though it is no pure analytical 
measure, it has the advantage of relating 
the functional capacity of the respiration 
and circulation of a subject to his or her 
exercise tolerance. 


of Helsinki, Finland 


The oxygen deficit has generally been de 
termined by using Knipping’s spirograph 
in which the composition of air may be key 
constant, and the subject may rapidly E 
changed from air to oxygen. As bronch¢ 
spirometry has lately become widely usec 
and bronchospirographs are available i 
many places, there is no more need fe 
special spirographs for the oxygen defic 
determinations ; it may be determined wit 
any bronchospirograph. The purpose of thi 
paper is to present the procedure adopte 
with one type of bronchospirograph; wit 
small changes the technique is adaptable t 
other types as well. 


METHOD 


A “Lundia’’ bronchospirograph (AB Instr 
menta, Lund, Sweden) was used. The subject wi 
first connected to the right spirometer, and tl 
left spirometer was used as a closed oxygen co? 
tainer. The left spirometer was filled with oxyge 
while the fan mixed it with the “dead space” « 
the spirometer, and emptied again. After havit 
flushed the system 5 times it contained 99.5 p 
cent oxygen, which is quite sufficient for tl 
accuracy of the method. A weight of approx 
mately 1 kg was placed on the bell of the spir 
meter, in order to effect an even flow of oxyg 


from the container. The error in the volur 
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ed by the extra weight may easily be cal- 
ed from the area of the bell, but it is too 
1 essentially to affect the results. The oxygen 
Aining spirometer was connected through thin 
ag and a flow meter with the other spiro- 
fr, which registered the breathing. The oxygen 
‘led through the flow meter (range from 0.2 
.0 1 per min.), in order better to control the 


of oxygen. 


‘he experiment was started by determining the 
img oxygen uptake of the subject during 5 
ates, breathing air. (Knipping recommends 10 
ates.) The volume of the left — oxygen con- 
ng — spirometer was read immediately before 
iecting the subject. Thereafter, an amount of 
zen corresponding with the uptake was led 
the right spirometer, in order to keep the 
position of air constant. This was done by 
opting to keep the resting level of breathing 
horizontal line previously drawn on the kymo- 
A paper. The volume of the oxygen container 
hie beginning and at the end of the experiment 
wed the oxygen uptake. 

turing the determination a pulse count was 
n; after it, the vital capacity-(VC) and the 
imum breathing capacity (MBC) were deter- 
ad. 


n the exercise tests, the subjects exercised on 
cycle ergometer, and the loads used were 5, 10 
i5 kgm meters per sec., according to the in- 
Jual exercise tolerance. The subjects were 
wed to get adapted to the work during 2 minu- 
(Knipping 3 min.), and the oxygen uptake was 
rmined during 3 minutes (Knipping 4 min.). 
periods were shorter than those used by 
pping, for patients who had spent long times 
Jed easily got pain in the leg muscles, and 
efore could not exercise long periods. 
Vhile the patient kept working on the bicycle 
meter, he or she was changed from air to 
yen, and the oxygen uptake was again deter- 
sd. For this purpose, the patient was rapidly 
ected with the left spirometer, the fan of the 
spirometer stopped. The fan was then again 
red, and the oxygen uptake was measured from 
fall of the resting level, as usually. The pulse 
was counted during each determination, to- 


wards the end of it. Immediately after the work 
the patient was allowed to breath oxygen during 
5 minutes, after which the oxygen uptake had 
practically returned to the resting level, and an 
eventual oxygen deficit and oxygen debt had been 
paid off. After adequate rest (from 10 to 15 min.), 
when the pulse rate had again stabilized, a new 
determination was made, using the next higher 
load. Determinations were carried on, according 
to the fitness of the subject, until the oxygen 
deficit exceeded 200 ml/min. or the pulse rate 
approached 150 per min. The accuracy of the 


method in determining oxygen uptake lies at 
+ 0.02 1/min. 


EXAMPLE SONS DEERE SWIMS 


The table shows some examples of the 
results. The subjects are arranged from 
best to poorest, according to the oxygen 
deficit observed with the load of 10 kgm 
meters per sec. With the load of 5 kgm 
meters per sec., two of the patients (Ju and 
Ol) had some oxygen deficit; Ju suffered 
from cancer of the right lung, Ol was a 
case of suspected tumor of the left lung. 


Umin. 


20 


0 5 10 
kgm metres/sec. 


Fig. 1. An example of the results. Oxygen uptake 
of patient Ha. At the load of 10 kgm meters per 
sec. the oxygen deficit (= oxygen uptake with 
Oz— oxygen uptake with air) is 0.65 liters/min. 
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Table. Spiroergometric and pulse data of some subjects with 
and without respiratory insufficiency. 


Exercise 
5 kgm meters per sec 


Subject] Sex | Age O,-uptake On O,-uptake On 
I/min. deficit I/min. deficit 
Oxygen I/min. Air |Oxygen 


Ma NIG e260 el 02 
awe | VEN |S eed'S 
Lu E439 (ele 
La M | 50 } 1.17 
Ju M | 54 | 1.10 
Ol VEE Halide 2: 
Ha M | 55 | 1.02 


With the load of 10 kgm meters per sec., 
five of the patients had a distinct oxygen 
deficit, from 0.23 to 0.65 liters per min. 
The first subject was healthy, and he had 
no significant oxygen deficit even with the 
load of 15 kgm meters per sec. (0.05 liters 
per min.). Patient Lau (bronchiectasiae) 
had a history of severe dypsnoea on exer- 
tion, but nevertheless there was no oxygen 
deficit. 


this case led to alveolo-respiratory insuf- 


Evidently the process had not in 


ficiency and to consequent oxygen deficit; 
dyspnoea resulted from other factors, pri- 
marily from ventilatory insufficiency (low 
VC and MBC). 

Particular attention must be paid to the 
marked discrepancies between the oxygen 
deficit and, on the other hand, the VC and 
the MBC. Similarily, the pulse rate during 
exercise shows an individual behavior. Thus, 
these four determinations do not replace 
each other, but are mutually complementary. 
This is to be expected, since VC and MBC 
primarily are measures of ventilatory ca- 
pacity, whereas oxygen deficit essentially is 


Exercise 
10 kgm meters per sec 


an indication of alveolo-respiratory insuf 


ficiency. Moreover, the results of the 
spiroergographic examination are af fectec 
by cardiac factors; a decompensation of thi 
left heart and consequent pulmonary edemé 
typically cause oxygen deficit during exer 
cise even in patients fully compensatec 


Ale JeeSic. 


CONCLUSIONS 
The determination of oxygen deficit 
gives an objective measure of the functiona 
capacity of the respiration and circulatior 
of a patient. This measure may be of value 
e. g. in the planning of operative measures ir 
critical cases. It does not replace eithe 
ordinary spirometric examination or bron 
chospirometry. The special value of th 
method is that the functional capacity o 
the respiration and circulation of the sub 
ject may be quantitatively related to th 
The  spiroergometri 
determination of the oxygen deficit is easil 
performed with a bronchospirograph, ac 
cording to the detailed directions give 
above. 


exercise tolerance. 
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It is a well-known fact that the pH of 
blood is dependent on the temperature. An 
increase of between 0.01 and 0.02 pH units 
is found for each degree centigrade the 
temperature rises. In the investigations 
dealing with physicochemical problems con- 
cerning the pH and carbon dioxide content 
(Warburg, 1922; Van Slyke, 1932 and 
others), the pH was always measured or 
calculated at a temperature of 38° C. For 
this and other reasons it is convenient to 
continue the use of pH values at this tem- 
perature. 

As the temperature dependence of pH is 
not constant from one blood sample to an- 
other, but varies with the concentration of 
plasma proteins and especially with the 
hemoglobin content, it is not advisable, 
when accurate values are desired, to make 
the measurements at room temperature and 
then correct the pH value to 38° C. Instead 
the measurement proper should be made at 
38° C. As it may be difficult to make the 
measurements under strictly anaerobic con- 
ditions, at the same time being sure that the 
temperature is exactly 38° C., a new appa- 
ratus was designed which permits the meas- 
urement of the pH in blood under the said 
conditions with a reproducibility of + 0.001 
pH unit. 
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METHODS 


Description of apparatus 


The apparatus, shown in Fig. 1, consists of 
(1) enveloped by a ‘wat 
jacket to provide for the maintenance of a co 
stant temperature by the circulation of therm 
stated water. A combined glass-calomel electro 
(2) of standard type, Radiometer combined ele 
trode, type GK264AT, fits into the measurit 
chamber. The fluid contact of the calomel ele 
trode is of the porous disk type. | 

The apparatus is operated by means of the ste 
cocks (A) and (B) in conjunction with the raisir 
or lowering of the mercury reservoir (3). The 
stop cocks shown above the top beaker great 
facilitate routine work. ; 

To ensure. optimal measuring accuracy tl 
apparatus should be used in conjunction with 
precision pH meter. The results presented he 
and in the subsequent paper were obtained wi 
a Radiometer pH-meter type PHM3. 


measuring chamber 


Measuring the pH of blood 


Venous blood, the pH of which is to be dete 
mined, should be withdrawn either without tl 
application of stasis, or with stasis of short dur 
tion. Syringes moistened with a 5 per cent hepar 
solution (Heparin NOVO) were employed. Ir 
mediately after the withdrawal of the blood sar 
ple the syringe was closed by means of a cannul 
which was fused together at the tip. Blood m: 
be kept in a tightly closed syringe for 20—30 mi 
at room temperature without change in pH. Wh 


at 0° (ice water) no change in pH is ob- 
1 for several hours. 

‘e blood may be mixed in the syringe by ad- 
g a little mercury in the syringe and rotating 
atiously. 


aring the apparatus for measurements 


‘e circulation thermostat is started and 10—20 
es after the temperature of the circulating 
| has reached 38° C. (+ 0.1°), the electrode 
have attained a state of temperature equi- 
mm. 


Calibration of pH Meter 


ve water is removed from the chamber which 
en rinsed twice with standard buffer solution. 
or is introduced and temperature equilibrium 
ined after 3 minutes. Now the AP control 
e pH meter is adjusted to make the meter 
the pH of the buffer. As to preparation of 
t solution and control of its pH, reference 
.de to the ensuing paper by Astrup (1955). 
-e buffer is now removed, the chamber is 
i three times with distilled water, the mer- 
jevel is brought to the bottom of the cup, 
B is closed and the apparatus is now ready 
measurement on a blood sample. 


Measurement of pH im blood 
short piece of rubber is attached to the tip 
e syringe that contains the blood. The rubber 
2 is pressed against the bottom of the cup. 
B is slowly opened, and blood will be drawn 
the chamber. When about 14%2—2 ml of the 
have been admitted cock B is closed and the 
xe removed. pH is measured after 4 minutes. 


Cleaning the chamber 


e mercury level is raised and the blood re- 
1d by suction. The chamber is rinsed 3—4 
with water and a new measurement can now 


ude. 


Recalibration 


may sometimes be necessary to recalibrate 
H meter by: means of the standard buffer 


On. 
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Fig. 1. 


Accuracy 


Repeated measurements on the same plasma- or 
blood sample will, provided that they are per- 
formed technically correctly, result in differences 
which do not exceed + 0.005 pH unit. As the 
temperature conditions in the electrode are ex- 
tremely stable, the measuring acuracy is in fact 
even higher. Thus a variation of only = 0.001 
unit was found in 10 successive measurements on 
the same plasma. 


Checking the calomel electrode 


From time to time a check should be made of 
the potential of the calomel electrode of the com- 
bined electrode and of the condition of the fluid 
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contact. This can be made by means of a separate 
calomel electrode of the standard type. (A Radio- 
meter calomel electrode type K100, is very suitable 
for the purpose.) 

Firstly the potential between the calomel elec- 
trodes is measured, the tip of the separate electrode 
being brought in contact with the KC1 filling of 
the combined electrode through the side tube. 
Provided that the separate electrode is known to 
be in good condition, this potential should not 
exceed 1—2 mV. Now the measuring chamber is 
filled with any normal plasma, the stop cock (A) 
being set to give passage to the beaker which 
should contain sufficient plasma to allow for the 
immersion of the tip of the separate calomel 
electrode Then the potential between the calomel 
electrodes is determined again. If the condition of 
the porous disk is satisfactory, this measurement 
should give the same result as the previous one to 
within 1 mV. If a greater difference is observed 
the porous disk should be cleaned. This may be 
done by immersing the electrode (bulb and disk) 
in sulfuric acid potassium dichromate. 


DISCUSSION 


The apparatus described enables pH 
measurements on blood to be made anae- 
robically and at a constant temperature of 
38° C. If desired, a different temperature 
can be employed. 

Disadvantages encountered when meas- 
uring pH in an air thermostat at 38° are 
avoided. In air it is difficult to maintain a 
constant temperature during the manipula- 
tion and it is especially difficult to maintain 
a blood temperature of 38° C. 

Measurement of pH in blood at 38°C. 
instead of at room temperature is necessary 
to obtain accurate determinations, as the 
factor used to correct the pH actually 
measured to that prevailing at 38°C. will 
vary from one blood sample to another. 

Graig, Lange, Oberman & Carson (1952) 
derived the following correction formula: 


pHs70 c = pHt — 0.0149 (37 — t) 


A similar formula was suggested by Roser’ 
thal (1948). However, the constant wa 
found to vary between 0.0103 and 0.019 
in 27 blood samples. The cause of the 
variations is first of all differences i 
hemoglobin content, as carbon dioxide 7 
found to diffuse into the blood corpuscle 
with decreasing temperature, thus causin) 
a rising pH in the plasma. This pheno 
menon also has the effect that measureme 
of pH in plasma after the separation of th 
blood corpuscles will not give reliable i 
formation about the pH of the blood sampl 
at 38° C. unless the separation is performes 
at 38° C. under anaerobic conditions. | 


SUMMARY 


An apparatus for anaerobic measuremen 
of the pH in blood at 38°C. is described 
The reproducibility is + 0.001 pH unit. — 
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| ao VEEP PE EECTROMETRIC TECHNIOUE 

aEOR THE DETERMINATION OF CARBON DIOXIDE 
‘ENSION ENS BEOGODEANID PLASMA, TOTAL CONTENT 
| OF-CARBON DIOXIDE IN PLASMA, 


D BICARBONATE CONTENT IN 


‘SEPARATED>» PLASMA 


\T A FIXED CARBON DIOXIDE TENSION (40 mm Hg) 


Bie wAo mR 
From the Central Laboratory, Rigshospitalet, Copenhagen, Denmark 


he absorption curve for carbon dioxide 
Jood has been the subject of numerous 
stigations and has formed the basis of 
umber of papers (for references see 
trs & Van Slyke, 1932). The curves 
ribed were plotted by equilibrating 
d with a gas mixture of known carbon 
ide tension and then determining the 
. carbon dioxide in blood and plasma. 
pH could then be calculated according 
he Henderson-Hasselbalch equation. 
2 this work pH determinations in plasma 
nown pCOsz have been used to investi- 
the absorption of carbon dioxide. A 
nique is described which is based on 
stigations of the relation between pH 
pCOz under normal and _ pathological 
This permits the 
rometric determination of pCOz in 
ma, the total content of COe in plasma, 
the bicarbonate concentration in “se- 
ted” plasma (i.e. plasma _ separated 
1 the cells at the actual pCOez of the 
d) at a pCOz of 40 mm Hg. 


METHODS 
Apparatus 


1e apparatus used for anaerobic measurement 
H in blood at 38° C. (Astrup & Schroder, 
) was, with few alterations, also used for the 
tigations described in this paper. 


litions. technique 


33 


(Received for publication October 20, 1955) 


As will be seen from Fig. 1 the chamber is 
provided with two side tubes, one at the top (a) 
and the other at the bottom (b). A 2-way stop- 
cock (C) connects both side tubes with a moisten- 
ing chamber which contains distilled water en- 
veloped by a water jacket kept at 38° C. A mixture 
of Oz and COs passing the moistening chamber 
is saturated with water vapor at the temperature 
of the water in the water jacket. From the mois- 
tening chamber the gas mixture can be led to the 
electrode chamber through one of the side tubes, 
or it can be allowed to escape through cock D 
when the 2-way cock C is closed. The chamber is 
provided with an agitator E operated by a coil F 
which is fed from a pulsator. The agitator moves 
up and down at a frequency of about 3 cycles per 
second. The downward movement is brought about 
by the attraction of the coil and the upward move- 
ment by the buoancy. 


Measurement of pH 
is made fundamentally in the same way as that 


of the blood (Astrup & Schroder, 1955). 


Equilibration of plasma with oxygen- 
carbon dioxide mixtures 

Equilibration of plasma with mixtures of Os 
and CO2 of known composition can be made in 
two different ways. According to the first method 
the gas mixture enters the measuring chamber 
through the upper side tube (a) and escapes 
through cock A. By means of the mercury the 
plasma level is lowered so much that the agitator 


1 Aided by grants from The States Scientific 


Foundation. 
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Fig. 1. Arrangement for equilibrating plasma with 
gas mixtures of known compositions. For detailed 
explanation see text. 


is above the surface of the plasma each time it 
reaches its top position so that a fresh film of 
plasma will continuously contact the gas. When 
the equilibration has been completed (generally in 
6—10 minutes), cock B is closed and the plasma 
level is elevated to surround the electrode. pH is 
then measured after 2 minutes. 

According to the second method the gas mix- 
ture enters the electrode chamber through the 
lower side tube (b), bubbles through the plasma, 
and escapes through cock A. The plasma level is 
lowered so that the mercury is immediately below 
the opening of the gas inlet tube. The plasma 
surface will then be about 4 cm above the mer- 
cury. One drop of octanol is added to avoid foam- 
ing. The equilibration takes 4—6 minutes. 

The admixture of octanol does not change the 
pCOz at the liquid surface, as the vapor pressure 
of octanol at 38° C. is only 1 mm Hg. Moreover, 
octanol does not interfere with the pH measure- 
ments. Samples of one plasma equilibrated at the 


same pCOsz (led through the upper side tube) hay 
exactly the same pH (within + 0.001) whether 
not octanol has been added. 

Since, however, the bubbles must pass throug! 
a 4 cm layer of fluid, the partial pressure of CC 
must be increased by 4/2 to 1 per cent in orde 
to overcome the hydrostatic pressure exerted I 
the fluid and this lowers the pH by approximatel 
0.003. In the calculations no allowance was mad 
for this small change. 


The Oz—CO2 mixtures employed and th 
determination of their pCOz 


Cylinders containing 2, 5 or 10 per cent CC 
were obtained commercially. The actual COz con 
tent was determined with a relative accuracy o 
+ 1 per cent by means of the Haldane apparatus, 


The cylinders were placed in horizontal positio 
to avoid a decrease in the COe concentration o 
the outflowing gas during use, as the higher speci 
fic gravity of COe relative to Oz causes the CO 
concentration in the lower part of the cylinder t 
decrease when standing upright. With the cylinde 
in horizontal position the percentage of COz2 doe 
not change measurably (within + 1 per cent) i 
at least 2 months. Thus, 4 analyses made withi 
2 months gave the following results: 5.33, 5.2! 
5.39 and 5.33 per cent COs. 

The pCOz in aqueous solution is calculate 
from the carbon dioxide concentration measure 
as follows: 


(B—W) &X per cent COz 


COS 
aoa 100 


where B is the barometric pressure in mm H; 
W is the vapor pressure of water at 38° ¢ 
(=50 mm Hg). 

Measuring pH in a bicarbonate solution ¢ 
known molarity (M/40 KHCOs) after equilibr: 
tion in the chamber with the gas at 38°C. wz 
found to be a convenient method of determinir 
and controlling the COz concentration in the g 
mixture. 


! IT am indebted to the Cardiological Laboratoz 
of the University Clinic for these determinatior 


| 
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Fig. 2. Relation between pH and pCOs2 at 38°C. in plasma from a normal subject. 


ndard buffer solution for adjustment 
of the pH Meter 


1 M/15 phosphate buffer was used, prepared 

200 ml M/15 primary potassium phosphate 
8 ¢ dry KHePOs p.a. (Merck) dissolved in 
 redistilled water) and 800 ml M/15 second- 
odium phosphate (11.8667 g¢ NazHPOa, 2H2O 
(Merck) dissolved in 1 liter redistilled water). 
pH of this solution is taken to be 7.360 at 
. The variation in pH on repeated prepara- 
of the buffer solution was within = 0.001. 
buffer is best stored in a Pyrex bottle pro- 
with a sodalime tube. 


RESULTS 
[he relation between pH and pCOz 


of plasma 


g. 2 shows a curve of the correlation 
H and pCOsz in plasma from a normal 
an subject. The plotting was made on 


semilogarithmic paper by means of the pH 
values measured at 3 different carbon diox- 
ide tensions, viz. 14.6, 37.8 and 78.0 mm Hg. 

It is apparent that the curve is a straight 
line. This finding is in agreement with 
earlier work (inter al. Warburg, 1922 and 
Van Slyke, 1932). 

The curve is defined by the pH of the 
plasma at pCOz=40 mm Hg and the slope. 
The pH of the plasma at pCOz= 40 mm 
Hg is an expression of the amount of base 
(OH~-), available for binding COz 
HCO3-. Twenty-five curves relating pH 
and pCOz in plasma from twenty-five nor- 
mal subjects were plotted according to the 
The slopes of the curves were 


as 


same method. 
practically identical and there was only a 
slight parallel displacement between pH 7.36 
and 7.41 at pCOz = 40 mm Hg. 
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Fig. 3. Relation between pH and pCOs at 38°C. in plasma with varying content of protein. 


Curve a: 13 % protein. Curve b: 11 % protein. 


The slope of the curve, which is depend- 
ent on the buffering action of the plasma, 
may be influenced by variations in the con- 
centration of protein and base. 

The curves in Fig. 3 show the relation 
between pH and pCOz of a normal plasma 
with a protein concentration of 7.0 per cent 
when different amounts of human serum 
albumin are added, resulting in protein con- 
centrations of 9.0, 11.0 and 13.0 per cent. 
As was to be expected the slope of the 
curve with increasing protein 
concentration. This effect, however, is so 
small that variations in plasma protein con- 
centration within the limits 6 to 8 per cent 
will result in negligable differences in the 
slope of the curves, provided the concentra- 
tion of base in the plasma does not change. 


increases 


Curve c: 9 % protein. Curve d: 7 % protei 
The slight displacement to the left of tl 
curves, which is observed on the additic 
of albumin to normal plasma, is probab 
due to the fact that albumin at the pH « 
the plasma will act as an acid which d 
creases the base content of the plasma. 
Variations in base content will result 
a steeper curve with decreasing pH. Th 
will appear from Fig. 4 which illustrat 
the effect of adding 0.050 ml n HCl ar 
0.050 ml n NaOH to 2 ml of normal plasm 
Repeated performances of the experime 
gave confirmative results. The curves we 
therefore supposed to correspond to tho 
of plasma from patients suffering fro 
metabolic acidosis or alkalosis. In _ sor 
cases this was verified by experimen 
Moreover, similar changes in the slope a 


| 
| 
| 


—_—_—_ 
| 


rved in the case of pure bicarbonate 
phosphate buffer solutions. 

‘may be regarded as an established fact 
-pH—pCOz curves of plasma samples 
normal protein content but with vary- 
‘base content will be determined ex- 
vely by the base content and that the 
ion and the slope of the curve can be 
red as soon as one point of the curve is 
yn. The curve will be approximately 
Hel to the nearest standard curve in the 
ram of Fig. 5 which was made on the 
| of experiments involving the addition 
cid and base to normal plasma. Only 
large pathological changes in the pro- 


‘content of plasma will require correc- 
in the standard diagram. In the event 
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of such changes the simplest method will 
probably be to determine the pH—pCO2z 
curve by measuring the pH after equilibra- 
tion with two different COe mixtures, con- 
taining e.g. 5 and 10 per cent of COs. 


Determining the pCOz in plasma 

It is evident that the actual pCOz in 
plasma can be determined by means of the 
actual pH and the pH—pCOsz curve of the 
plasma concerned. 

After the anaerobic introduction of the 
sample in the electrode chamber the actual 
pH is measured. Then the plasma is equi- 
librated with an Oz—COr2 
known pCOsg of approximately 40 mm Hg, 
the pH is measured again, and the position 


mixture of 
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g. 3. Relation between pH and pCOz at 38°C. in plasma after addition of acid or base. 


irve a: 2 ml plasma+0.050 ml 1 n HCl. 
irve b: 2 ml plasma+0.025 ml 1 n HCl. 


Curve c: 2 ml plasma+-0.050 ml distilled water. 
Curve d: 2 ml plasma+-0.050 ml 1 n NaOH. 
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Fig. 5. Diagram relating pH and pCOz at varying 
protein concentration. — The figures on the lines 
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“3 a 5 6 tf eo 


bicarbonate concentrations in plasma of normal 
signify bicarbonate’ concentrations measured in 


mMoi/L at pCOz=40 mm Heg. 


of the pH—pCOdz curve is found by using 
the diagram of Fig. 5. Finally the pCOz is 
determined by means of the curve and the 
actual pH. 

The accuracy of this determination will 
depend on the accuracy of the pH measure- 
ments. When the accuracy of pH is + 0.005 
pH, the maximum deviation of pCOz found 
will be less than + 3 per cent from the true 
value. 

Ten determinations of the actual pH and 
the pH at pCO2 = 38.0 mm Hg made on 


a large sample cf plasma showed an eve 
better accuracy, wiz, a= "per cent: 


Determining the total COz in plasma 

When the actual pCOz and the actual pI 
of a plasma sample are known, the total cor 
tent of COz can be calculated by means q 
the Henderson-Hasselbalch equation: 

i (HCOs 4 

= P+ Perec@ne acon 

The actual bicarbonate concentration e> 
pressed in mMol/L can be calculated by in 


pH 


' 
| 
| 
| 


\le I. Determinations of total-CO, in 


(plasma samples by electrometric and 
manometric technique. 
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serting in this equation the pH values meas- 
ured at 38°, taking pKi to be 6.110 and 
replacing (COz + HeCOs3), expressed in 
mMol/L, by pCOz in mm Hg multiplied 
by 0.03. Summing up the bicarbonate con- 
centration and that of the physically dis- 
solved COz gives the total COs. 

The total COz determined in this way 
should be identical with the value found by 
employing the manometric technique, and 
it should thus be possible to obtain proof of 
the applicability of the electrometric method. 
Using the two methods, such determinations 
were made on a large number of plasma 
samples (about 90) both from patients and 
from normal subjects. In Table I the results 
of determinations on 50 plasma samples are 
shown. The electrometric determination is 
made as a single analysis employing the 
standard diagram shown in Fig. 5. Mano- 
metric determinations were made in dupli- 
cate by means of Van Slyke’s manometric 
apparatus. The analytical error was + 0.3 
mMol/L. 

The agreement is evidently good as the 
difference does not exceed + 1.0 mMol/L 
in about 90 per cent of the samples. In all 
samples the difference was less than + 1.7 


mMol/L. 
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Determining the bicarbonate content of 


“separated” plasma at pCO2=40 mm Hg 

On the basis of the pH—pCOsz curve it 
is possible to find the pH which the plasma 
(separated at the actual pCOz) will have 
at pCOz = 40 mm Hg. When the value 
is inserted in the Henderson-Hasselbalch 
equation, it is a simple matter to calculate 
the bicarbonate concentration at pCOz = 
40 mm Hg. 

If an Oz—COve mixture with a pCOz2 of 
about 40 mm Hg is used for the equilibra- 
tion, variations, if any, in the standard 
curve will be without significance for the 
determination of pH at pCOz=40 mm Hg. 
The result will thus depend on a single pH 
measurement. If it is accurate to + 0.005 
pH, the determination of bicarbonate con- 
tent at pCOz = 40 mm Hg will be accurate 
to +2 per cent. This accuracy was con- 
firmed by several analyses of samples from 
one plasma. 


Normal values of pH, pCO2 and bicarbonate 
content at pCO2=40 mm Hg in “separated” 


plasma from venous blood 


Normal values were determined in 23 
men and women aged 19—39 years. Blood 
from the cubital vein was withdrawn after 
stasis of short duration. The blood samples 
were taken between 9 a.m. and 3 p.m. The 
results appear in Table II which includes 
information on the hemoglobin concentra- 
tion, the oxygen saturation, the plasma pro- 
tein concentration, and the content of total 
COz in plasma determined by means of 
Van Slyke’s manometric apparatus. 

The pH was found to vary between 7.282 
and 7.350, and the pCOz between 46 and 


58 mm Hg. The bicarbonate content } 
plasma at pCOz = 40 mm Hg was fou! 
to be between 21.3 and 25.7 mMol/L. 


DISCUSSION 

Plasma is easily equilibrated with C) 
by bubbling the gas through the plasma w 
addition of octanol to avoid foaming. Eq 
libration of whole blood, however, offe 
difficulties because of its tendency to hen’ 
lyze. This holds true, no matter whether t 
Oz—COz mixture is admitted above t 
surface of the blood or it is bubbled throu 
the blood. In the former case the hemoly; 
will be caused by the mechanical action 
the magnetic agitator used to accelerate t 
equilibration. In the latter case the sm 
addition of octanol required to prevent t 
blood from foaming will cause the blood 
hemolyze very rapidly. Incidentally tt 
phenomenon can be utilized to determi 
the pH in blood corpuscles. The prelimina 
results have shown that the pH of hem 
lyzed blood at pCOz2=40 mm Hg fre 
normal subjects is constantly about 0.12. 
0.14 pH units below that of the plasma 
pCOz = 40 mm Hg. 

The fixation of the numerical value 
pH in the buffer solution was the subje 
of careful considerations and investigatior 
The pH of the buffer solution is given 
7.35 at 38°C. (Consolazio, Johnson 
Marek, 1951). When measuring with 
hydrogen electrode, we found the pH to 
7.37 at 38° C. When employing a pK val 
of 6.110 in the Henderson-Hasselbal 
equation (Hastings, Sendroy & Van Sly 
1928 and Dill, Daly & Forbes, 1937), 1 
found by examining 70 samples that t 
pH of the buffer solution should be tak 
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le II. Normal values for pH, pCO, and bicarbonate content at pCO,=40 mm Hg 
in separated plasma form veneous blood. 


Bicarbonate 


pH in : 
Plasma- Actual  |»separated« sina a Total-CO, 
1e protein saturation pCO, plasma at Set “ | Van Slyke 
2/100 ml per cent mm Hg pCo,= Beempayet mMol/L 
Athan Ele pCO,=40mm 
Hg mMol/L 


Te? : Waal 
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| 7.360, and the pH meter adjusted at 38° C., 22°C. and 0° C. The separation 
dingly. was completed within 15 minutes. Tightly 
2 method used for determining the stoppered tubes filled completely with blood 
in plasma can also be used for deter- were used. The pH was measured at 38° C. 
g the pCOz in whole blood, when the both in whole blood and in the three plasma 
_ pH of the whole blood at 38°C. is samples, and the corresponding pH—pCOz 
ryed together with a pH—pCOs curve curves were made. Table III shows the 
ing to the plasma of the same blood. results of an experiment. 

iphis ponccuion Ute question arose Table III. 

er it is permissible to use plasma 


ifugatio oom 2 
red through centri vee n at r Pere cee Accept atpc, reel ae 
rature instead of at 38°C. This was separated at} pH | pCO, |=38.0mm a Ge 


igated by using blood from patients 


ng a high sedimentation rate. The 7.398 38 
: BENS. 7.453 34 26.0 
was allowed to separate anaerobically oc 7507 20 75 5 
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It is evident from the table that the pH 
in plasma increases with decreasing separa- 
tion temperature and that the pCOsz de- 
creases. The pCOz curves, on the other 
hand, are nearly identical in the 3 plasma 
samples. Moreover, a decrease in total CO2 
is found. Quite similar results were found 
in another experiment. Thus it makes no 
difference in the 


pH—pCOz curve in 
plasma whether the separation of blood 
corpuscles’ ig) madé-wat 38° CC. .0n 0° 1C. 


However, if the actual pCOz of whole 
blood is desired, pH must be measured in 
whole blood or plasma separated at 38° C. 
A more detailed discussion of the problems 
concerning the absorption of carbon dioxide 
in blood corpuscles at different tempera- 
tures will be postponed to a subsequent 
paper. 

As will be seen from Table I, satisfactory 
COz 


measured by electrometric and manometric 


agreement is found between _ total 
technique when the pH of the reference 
buffer is taken to be 7.360 and the pKi 
6.110. 


Theoretically a better agreement than 
that actually found was not to be expected 
as the calculation of total COz from the pH 
values measured must depend not only on 
the accuracy of these measurements, but 
also on variations in pKi from one plasma 
to another. In the literature pKi is stated 
to vary between 6.09 and 6.13 and to be 
6.11 on the average (Hastings, Sendroy & 
Van Slyke, 1928). Consider a plasma sam- 
ple with an actual pH of 7.40 and an actual 
pCOez of 50 mm Hg. If a pKi of 6.09, 6.11 
or 6.13 is chosen, the corresponding values 
of the total COz will be 32,1, 30.7 and 29.4 
mMol/L, respectively. 


The agreement of the values of the to 
COz found by means of the two method 
an indication of the accuracy and reliabil 
of the electrometric method for the det! 
mination in both normal and_ pathologi! 
plasma samples of the total COz and es 
cially of pCOsz. ' 

The determination of the bicarbonl 
content of “separated” plasma at pCOs~ 
40 mm Hg is very simple and lends its 
advantageously to serial analyses. In thi 
analyses the gas mixture is bubbled throu 
plasma samples in open tubes and the {| 
is mesaured immediately after the equ 
bration. 

The values of the bicarbonate content 
“true plasma” separated from the cells 
pCOz = 40 mm Hg and at 38°C. can) 
found in a similar way by using pia 
curves for whole blood. This technique w 


- be described in a subsequent paper. . 


The normal values found of pH a 
pCOz in blood from the arm vein are | 
good agreement with previously publist 
normal values. By means of a less accur! 
technique somewhat higher values (betwe 
7.34 and 7.43) were found of the pH 
venous blood (Astrup, 1954) and simila 
somewhat lower values of pCOez (betwe 
40 and 53 mm Hg). This difference m 
be due to the fact that the pH of vene 
blood is dependent on the technique e 
ployed for venipuncture, which may he 
involved different duration of the stasis 
the two series of investigations. Furth 
more, 


the temperature was not exac 


38° C. in the earlier investigations. 


erent 
' 


| SUMMARY 

simple electrometric technique is de- 
2d which permits the determination of 
: in plasma, the total content of COz 
asma, and the bicarbonate content of 
rated” plasma at pCOz = 40 mm Hg. 
‘method is based exclusively on pH 
urements and on the laws governing 
elation between the pH and the pCOz 
asma. 

od agreement between the results ob- 
1 by means of the electrometric and 
metric methods were found in 90 
les from different subjects. 

e determination of the actual pCOsg 
the bicarbonate content of “separated” 
1a at pCOz = 40 mm Hg is possible 
‘an accuracy better than + 3 per cent. 
rmal values are given for the pH, 


“cc 


» and the bicarbonate content in “se- 


ed” plasma at pCOz2=40 mm Hg in 
1s blood. 
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TOTAL EXCHANGEABLE POTASSIUM IN NORMAL SUBJECT} 
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Measurements of the total potassium pool 
of the body have attracted growing atten- 
tion during recent years, since the im- 
portance of potassium loss has been estab- 
lished in a number of conditions, and since 
it has become evident that only limited con- 
clusions as regards intracellular potassium 
concentration can be drawn from measure- 
ments of extracellular potassium concen- 
tration. 

With the exception of the method based 
upon measurements of gamma _ emission 
from the naturally occurring potassium 
isotope K4° (Burch & Spiers, 1954; Rundo 
& Sagild, 1955; Miller & Marinelli, 1955), 
the only procedure available for estimating 
the total body content of potassium in liv- 
ing subjects is the injection of the potas- 
sium isotope K4?. After equilibration of 
injected potassium with body potassium 
available for exchange, the specific activity 
of the urine can be used as a measure of 
the exchangeable potassium (K®) by the 
application of the dilution principle. 

Since the introduction of this method in 
clinical medicine (Corsa, Olney, Steenburg, 
Ball & Moore, 1950) normal values in a 
group of young males (Corsa et al., 1950) 
and young females (Aikawa, Harrell & 
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Eisenberg, 1952) have been reported, bt 
apparently the possible changes with ag 
have not been taken into consideration. 
The purpose of this communication is f 
report the results of measurements of 
in normal individuals of both sexes through 
out the adult life span and briefly to discus 


the implications of the findings. | 


MATERIAL AND METHODS 
; | 
Material | 


‘ 


The subjects studied were 44 male and 
female volunteers. 20 males and 12 females bk 
longed to the age group 18—30 years, and in eac 
of the groups 31—60 years and 61—80 years thet 
were 12 males and 12 females. 

The young age group was made up of health 
medical students, hospital employees and friend 
the middle group also contained the above, bt 
was supplemented by 10 hospitalized subjects wit 
conditions in which potassium abnormalities wei 
highly improbable. These subjects and the dias 
noses have been indicated in the tables. The o| 
age group was made up of inhabitants of “L 
gamles by” (municipal homes for aged).! Son 
of the members of the latter group were marke 
by arteriosclerotic changes, but were include 
since these changes are so frequent as almost 1 
constitute a “normal” finding. 


1 Through the courtesy of Dr. T. Geill. 
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Methods 

1e potassium isotope K42 was procured from 
er, Norway. Each shipment contained 50 ml 

sterile 3.75 per cent solution of potassium 
ide in water with a K® activity ranging from 
-o 280 microcuries per ml in different ship- 
Ss at the time of arrival. The material was 
1 to be free from any significant radioactive 
mination, especially with sodium. 10 ml of 
sterile solution was diluted to 500 ml with 
e@ isotonic saline. 
‘om this diluted solution each subject received 
ly 20 ml intravenously, containing 0.2 meq of 
sium. No side effects from the injections 
noted. 
se injections were given 2 to 16 hours after 
irrival of the isotope and the dose of radio- 
ity varied from 30 to 60 microcuries of K*. 
lmicrocuries of K* deliver about 80 millirep. 
e tissue in a 70 kg person (the half-life of 
fotope is 12.4 hours). Since the maximal per- 
‘ble dose for a week is 300 millirep., the dose 
| was only about a fourth of the maximal 
issible dose. 
or the injection the system proposed by Bar- 
‘& Fellers (1947) was used. Repeated checks 
sed that the error from the injection only 
aded upon the accuracy with which the pipet- 
‘was performed, and that this error could be 
¢ed to less than 1/2 per cent. 
tfore the injection the subjects were required 
id, and their height and weight were obtained. 


tcording to the dilution formula 


equilibrium is obtained. Therefore 
(in meq) = K*2 in the body (in %) X F 


2 F denotes potassium content in a given 


They were not necessarily fasting and continued 
their normal activities. All urine was collected 
and pooled until the morning 24 to 36 hours after 
the injection. Subsequently two “spot” urines were 
obtained, before the subjects received breakfast 
(at least 20 ml each). 

In a few instances the individual samples of 
urine obtained throughout the experiment were 
analysed. Measurements of specific activity in 
these samples confirmed the finding of Corsa 
etal., that equilibrium between injected K*4? and 
body potassium is obtained within 12 to 20 hours. 


Measurements of radioactivity 


The activity of the urine specimens was deter- 
mined with a fluid counter (M6, the “Veall’- 
type). All counting rates were at least 500 to 3.000 
counts per minute, with a background of 10—12 
counts per minute. At the range of counting rate, 
no correction for dead time was necessary. The 
measurements of the urines were compared to 
standard curves, prepared from measurements of 
appropriate dilutions (usually 500 fold) of the 
solution, used for the injections. Duplicate meas- 
urements of specimens from the pooled urine and 
from each of the “spot’-urines were made. All 
measurements were expressed in per cent of the 
dose given. 

Potassium concentration in the ‘‘spot’’-urines 
were determined with a flame photometer with 
internal standard, constructed in the laboratory. 


Calculations 


Total radioactive K in the body (in per cent of dose given) / Total exchangeable K (in meq) 


bactivity in “spot’-urine (in per cent of dose given) / Potassium content in “‘spot’-urine (in meq) 


“spot”-urine volume (in meq) divided by the radio- 
activity content in the same volume (in per cent 
of dose given). All measurements of activity and 
chemical potassium in the “spot’-urines were re- 
ported for a volume of 10 ml. 
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Table I. Exchangeable potassium content 
of men, 18—30 years. 


Table III. Exchangeable potassium conté 
of men, 61—80 years. 


ec yrs.| K® meq | K°e/kg | K°/cm | K°/m? 


| 


1 24 3670 53.9 DAES 2060 

2 29 4150 50.3 222 2020 

3 ARI 4450 59.7 24.6 2300 

4 28 3650 50.3 20.4 1920 

5 30 2800 46.2 16.1 1630 

6 24 3380 46.8 18.9 1780 

7 23 4620 60.7 24.3 2300 

8 26 3530 44.2 20.4 1840 

9 19 3650 48.0 20.1 1870 

10 20 3900 53.3 21.4 2030 

Ziti 20 4650 59.5 MAY) 2450 
12 30 2900 42.0 17.0 1620 

13 29 3040 46.4 Wes} 1700 

14 21 2640 39.7 14.8 1450 

15 21 3640 47.6 20.8 1900 

16 23 2260 38.2 ez 1350 

17 18 2500 50.0 15e2 1630 

18 27 3270 51.6 19.4 1910 

19 23 3330 42.0 18.1 1670 

20 18 4860 55.8 24.9 2210 
Mean PT BIKES 49.3 19.9 1880 
S.D. 740 6.43 3.6 290 
Corr. coeff. 0.81 0.66 0.79 


Table II. Exchangeable potassium content 
of men, 31—60 years. 


= * g e 
ae be Diagnosis ae Kée/kg | Ke/cem | Ke/m? 
1 31 skin rash 3980 48.5 22.9 2020 
M 39 br. asthma 3060 48.3 18.7 1810 
5 31 neurosis 3160 46.5 18.8 1790 
4 47 normal 3420 43.8 19.8 1800 
5 54 normal 3040 46.1 WAH 1710 
6 52 br. asthma 3620 49.9 20.6 1930 
7 58 normal 3040 43.4 17.0 1630 
8 59 normal 3730 42.6 22.5 1900 
9 44 br. asthma 3060 50.6 Wall 1740 
10 60 coron scle. 2640 44.9 16.3 1630 
11 33 normal 2990 49.4 WaT 1770 
12 56 normal 3660 40.4 19.9 1710 
Mean 47.0 3283 46.2 19.1 1786 
S.D. SSOR oul 24 118 
Corr. coeff. 0.87 0.38 0.84 


Sub es ss K*® meq | Ké/kg 


1 71 2450 35.0 16.0 147( 

2 73 2740 40.0 16.9 1581 

3 WWE: 2420 38.1 14.8 143( 

4 7A 2900 34.4 16.7 1476 

5 67 2850 36.1 WHS 153( 

6 71 2540 37.4 Sai, 148¢ 

7 UH 2960 36.3 NS 154( 

8 73 2720 34.9 ISS 142( 

9 66 2810 37.8 16.7 153¢ 

10 69 2330 35.4 14.4 137€ 

11 70 2340 B83 14.6 142( 

12 aS 2540 33.4 14.8 135 
Mean 70.9 2633 36.3 15.9 146! 
Say 224 Dye 's 1.1 71 
Corr. coeff. 0.95 0.62 0.82 


Table I1V. Exchangeable potassium conte 
of women, 18—30 years. | 


Subject/Age rs Ke meq | Ké&/kg | K&/em | Ke/m 
1 18 2790 46.5 16.7 167¢ 

2 18 2520 Bie? IUSys7/ 147( 

3 22 2230 39.8 14.0 143¢ 

4 20 2230 43.8 14.0 149¢ 

5 18 2920 33.4 16.4 142¢ 

6 18 2220 42.3 13.5 142( 

a 22, 2280 38.6 13.7 Tee 

8 20 2410 43.0 15.0 ‘f5ae 

9 25 2980 38.2 17.7 159% 

10 23 2850 40.7 17.2 1606 

11 30 2360 40.3 °° 14.8 1486 

12 28 2700 36.0 16.5 1486 
Mean 21.8 2540 40.0 15.4 1496 
Sap: 290 33 125 ol 
Corr. coeff. 0.86 0.70 0.86 


We have disregarded the loss of radioactivi 
in feces and perspiration, which has been fou 
insignificant by others (Blainey, Cooke, Quint 
& Scott, 1954), and calculated the K42 remaini 
in the body at the time of the voiding of t 
“spot”-urines as 100 minus K‘42 excreted in ¢ 
pooled urine (in per cent). 


ple V. Exchangeable potassium content 


of women, 31—60 years. 
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Table VI. Exchangeable potassium content 
of women, 61—80 years. 


| Agel... : ; 
Pi. Diagnosis med eens K¢e/cm | Ke/m 
58 normal 2200 24.6 14.0 1290 
37 normal 2540 39.0 15.4 1490 
41 cardiac. 2550) 93210 15.3 1360 
neurosis 
54 normal 2390 31.4 15.0 1340 
47 resp. 2430 38.0 15.0 1440 
neurosis 
_ 36 normal 1990 36.8 12.8 1310 
|’ 49 neurosis 1730 32.3 lie?) 1150 
|) 42 hyst. 2110 40.0 1B 1390 
| aphonia 
- 33 normal 2020 44.9 13.0 1430 
34 normal 1900 42.8 11.9 1340 
37 normal 2370 37.9 14.4 1410 
~ $2 normal 2390 34.6 14.1 1330 
43.3 2218 36:2 13.8 1356 
267, 533 es 100 
; coeff. 0.79 0.84 0.87 


he term F, which expresses how many milli- 
valents of potassium will be excreted in the 
t’-urine with one per cent of the K*? given, 
been found rather convenient. It gives a rough 
aate of total exchangeable potassium, when 
ious urinary loss of K4? is unknown and is 
pendent of decay or amount of activity given. 


Experimental error 


he difference between the F-values obtained 
wo subsequent “spot”-urines, expressed as per 
of the mean value, varied between 0 and 8.7 
cent, with a mean of 4.2 per cent. This agrees 
y well with the reproducibility of the method: 
ix subjects included in this series, the dif- 
nce between duplicate determinations varied 
een 60 and 270 milliequivalents. For the further 
ission of the errors involved in this method, 
reader is referred to the paper of Blainey 
|, 1954. It seems to be agreed generally, that 
difference between two measurements in the 
» subject should exceed 250 milliequivalents 
e considered significant. 


ae yrs.; K® meq | K®&/kg | K°/cm | K&/m? 
1 63° 2120 34.8 12.9 1280 
» WY 1850 27.9 10.9 1050 
3 69 . 1640 Pailsib 10.3 910 
4 Ha 1970 35.9 1D 1250 
5 65 1700 22.6 10.6 940 
6 80 1500 Ay} 9.2 920 
if IB 1510 25.0 10.1 970 
8 78 1560 SSR 7/ 10.3 1080 
9 69 2230 29.0 14.6 1280 
10 64 2180 24.9 DES 1100 
11 72 2300 29.0 1a 1220 
12) 70 1750 VR) 11.4 1090 
Mean are 1859 27.9 IML Xo" 1090 
Sy 292 4.5 lay 138 
Corr. coeff. 0.54 0.48 0.58 
Table VII. Regression lines of K* on 


body weight. 


v4 ee Regression line = 
3) yits. 
n 

| 


I M |18—30} K&(meq)=68.6 Wt (kg) —1350] 446 


II | M |31—60] Ke(meq)=31.6 Wt (kg) + 1022| 202 
IIT | M |61—80] Ke(meq)=26.7 Wt (kg) + 689] 120 
IV | F |18—30] Ke(meq)=21.9 Wt (kg) + 1134] 157 
V | F |31—60] Ke(meq)=18.3 Wt (kg) +1095] 171 
VI| F |61—80| Ke(meq)=13.5 Wt (kg) + 510] 261 


RESUETS 

The results of 80 measurements of Ke 
are tabulated according to sex and age in 
Tables J—VI, and the relation between 
weight and K® is graphically represented in 
Fig. als 

Inspection of correlation coefficients be- 
tween Ke and weight, height and surface 
area, respectively, shows that the best over- 
all correlation was observed between Ke 
and weight. The regression lines for these 
two variables were calculated in all groups 
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Males Females significant at the 5 per cent level, but 
a 
18-30yrs 2° 18 - 30 yrs between groups I—II. 


Kilo body weight 


Fig. 1. Relation between kilo body weight and Ke 


in 80 normal adult subjects. 


and presented in Table VII. It appears that 
the increase in Ke with increasing weight 
is greatest in the young group of both 
sexes and becomes successively smaller with 
increasing age. It appears further, that the 
increase with weight is smaller in the female 
than in the male groups. 

The mean values of Ke and K® per kilo 
body weight are higher in the young groups 
of both sexes and decrease with increasing 
age (Tables I—VI). Between groups I]— 
III, IV—V and V—VI the difference in 
mean values of Ké&/kg was. statistically 


than in females. 


DISCUSSION 
The results of measurements of Ke | 
young males, presented in Table I agr 
well with figures reported by Corsa et 
for a similar group, while those for femal 
in the same age group (Table IV) aj 
somewhat higher than the figures reporte 
by Aikawa et al. for a comparable grouy 
No measurements in groups of older peop. 
have been reported previously. : 
Although the average height and weigt 
in the six groups reported do not quite re 
flect trends in the general population, it : 
believed that the groups are comparable a 
far as general living conditions and stat 
of health and nutrition are concerned. Th 
decrease in Ke per kilo body weight wit 
increasing age in both sexes is therefor 
assumed to represent a consequence of th 
ageing process itself. This decrease might t 
explained on the basis of different assum} 
tions: 


Increase in absolute fat content of the 
body with age 


Although quantitative da’ 
covering the whole life span are not avai 
able, the general trend of fat in man is we 
known; the peaks of fatness being in ear 
childhood and in late maturity (Keys 
Brozek, 1953). This documented |} 
measurements of body water (Prentic 
Siri, Berlin, Hyde, Parsons, Joiner & Lay 
rence, 1952; Edelman, Olney, James, Brool 
& Moore, 1952), 


systematic 


1S 


skin fold thickness a1 


| 
| 
| 
ific gravity (Brozek, 1952). Since fatty 
fe is essentially potassium free, this 
2 would cause a decrease of Ke per unit 
tht with age, but Ke would remain un- 
red. In the present study an absolute 
ease of Ke as well as a decrease per 
weight was demonstrated. Granted pos- 
+ deficiencies in the sampling of the 
ects, it is still difficult to explain why 
‘older subjects should show such uni- 
ily lower Ke-values, if the decrease 
» only relative to the increased fat con- 
| Furthermore, the mean increase in 
cht in the older groups was not con- 
rable in this material. 


screase in relative fat content of the 
body with age 


here is considerable evidence to suggest 
the gross body changes in weight with 
are of a complex nature, and that in- 
nents in fatty tissue occur simultaneously 
_decrements in other tissues. The well 
wn decrease in basal metabolism with 
can be accounted for by this decrement, 
“disuse atrophy” of the muscles, which 
ain some 70 per cent of body potassium 
iaracteristic of normal ageing, (Roessle 
oulet, 1932). ; 
he decrease in exchangeable potassium 
age demonstrated in this paper is 
ably best explained on the basis of the 
mption of an absolute and relative in- 
se in fat combined with an absolute and 
ive decrease in lean body mass. 
he sex differences can be interpreted 
| similar fashion: the “physiological 
fraction 


” 


is” and 
ean tissue in women — a corrolary 
vhich is the lower basal metabolism 


relatively smaller 
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referred to body weight — is well estab- 
lished. It should be noted that the sex 
difference in Ke becomes smaller with age. 

From a theoretical point of view two 
more mechanisms might explain the changes 
of Ke with age: 


Decrease of cellular concentration of potas- 
suum with age 
In a variety of clinical disorders associ- 
ated with exogenous potassium loss, cellular 
potassium has been shown to be exchanged 
by sodium and thus cellular concentration 
of potassium decreased. Whether a similar 
process might be associated with ageing is 
unknown, and the data presented allow no 
interpretation in this respect. 


Relative increase in non-exchanged fraction 
of body potassium with age 


Due to the relatively short half-life of 
the isotope K4? (12.4 hours), observations 
with safe tracer doses can only be extended 
to 40—60 hours. It is known that within 
this space of time complete exchange with 
total body potassium will not be obtained. 
The non-exchanged fraction has been esti- 
mated to 5—10 per cent 20 hours after the 
injection (Corsa et al. 1950; Rundo & 
Sagild, 1955). It might be postulated that 
the exchange process is slower in older 
individuals and the estimated exchangeable 
potassium content after 24—36 hours there- 
fore lower. However, this assumption could 
hardly explain the magnitude of the dif- 
ference in mean K® between the young and 
old groups, which in men weighing 70 kilos 
constitutes some 500—1000 meq of potas- 
sium. Furthermore, unpublished  experi- 
ments in our laboratory with observations 
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extended over 60 hours have given no 
reason to assume that the exchange process 
should be slower in older individuals. 

The interpretation of data for exchange- 
able potassium in pathological states has been 
somewhat hampered by the fact that normal 
values, whether stated in terms of total Ke 
or referred to weight, height or surface 
units, have shown wide variations. It is be- 
lieved that a closer interpretation is pos- 
sible, if the naturally occurring changes 
with age are taken into account. 


SUMMARY 


1. Measurements of exchangeable potas- 
sium in 80 normal adult subjects of both 
sexes are reported. 

2. Total exchangeable potassium (K®) 
and Ke per kilo body weight decreases with 
age in both sexes. 

3. Total exchangeable potassium is lower 
in women than in men. | 

4. It is suggested that the decrease of 
Ke and Ké per kilo body weight with age 
is caused by the absolute and relative in- 
crease in fat together with an absolute and 
relative decrease in lean body mass. 
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bst of the previous investigations on 
acid in the human organism were based 
nspecific analytical methods. Kalckar 
7) showed that specific measurement 
ric acid is possible by photometric de- 
ination of the extinction decrease after 
jon of uricase. Pretorius (1949) pro- 
da highly purified uricase preparation, 
by making a specific enzymatic uric 
determination practicable. By the pre- 
; titrimetric and colorimetric methods 
chner-Mortensen, Folin) the results of 
measurements were influenced in vary- 
degrees and directions by other sub- 
es present in urine and especially in 
fa. 

xe =publication of Pretorius’ method 
fies renewed investigations into the 
al values for uric acid in the organism. 
have been the object of the present 


MATERIAL AND METHODS 


e subjects were hospitalized patients with no 
,olic or renal diseases, who may therefore in 
onnection be regarded as normals. They were 
a low-purine diet for at least 24 hours be- 
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fore the experiment was commenced. The blood 
samples were drawn a few hours after breakfast. 

Th uric acid concentrations in plasma and urine 
were determined by Pretorius’ method (1949), 
later improved by Pretorius & Poulsen (1953). 

The uric acid concentrations in plasma and urine 
clearance technique (Smith, Goldring & Chasis, 
1938), in some cases without catheter a demeure 
and bladder washing. In these latter cases the 
urine volumes discharged were 5 to 10 ml/min. or 
more. The clearances were estimated as the aver- 
age of at least three successive collecting periods 
of 15 to 30 minutes each. The inulin concentra- 
tion was about 25 to 50 mg/100 ml, being kept at 
a constant level by continuous intravenous in- 
fusion. Inulin was analysed according to Alving, 
Rubin & Miller’s method (1939) in Brun’s (1946) 
or Bojesen’s (1952) modification, which gave the 
same results. 


The difference between duplicate analyses did 
not exceed 3—4 per cent. 


RESULTS 


The plasma uric acid concentration and 
the 24-hour uric acid excretion were deter- 
mined in 53 men and 18 women. The indi- 
vidual results are averages of 3—4 days’ 
successive determinations. The values are 


seen in Table I. 
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Table I. Plasma concentration and excretion 
of uric acid in normals on 
low-purine diet. 


Table III. Corrected uric acid clearai 
and ratio of uric acid clearance to in 
clearance in 21 normal subrects. 


verage Average Average 
: plasma excretion 
ie eae acl aa concentration|of uric acid 
Po rae (d a of uric acid (mg/ 
oe (mg/100 ml) | 24 hours) 


Men 53 
Women 18 


401+42 
321-634 


8 4.4+40.4*) 
7 4.1-£0.5*) 


*) Standard deviation. 


Table II. Plasma concentration and 24- 
hour excretion of uric acid in normals. 


sa) 2s 
PAS ay = 
Plasma 5 az ae 
. ee) S) 
Investigator congen ton 579 co E 
8 5 of uric acid a noma) 
| (mg/100ml) [2:2] 23 
5 wi iz hee) 
Z AO = 8 
Brochner- 
Mortensen 20 ¢ 7.6 374 Brochner- 
(1940) eo (aes Mortensen 
Friedman 
& Byers 6 — 390 Folin 
(1950) 
Gutman 
& Yiu 3s 5.4 416 Buchanan 
(1952) oy 4a et al. 
Hasner et al. 84 4.4*) — Pretorius 
(1952) 
Lous & Syl- 166 3 5.4*) — Pretorius 
vest (1954) 201 © 3.8—4.8*) 
Gjorup, 
Poulsen 143 6 5.04+1.0*)**) — Pretorius 


& Pretorius 157 o 
(1955) 


*) On ordinary diet. 
**) Standard deviation. 


3.84+0.7*)**) 


Table II shows the results of other in- 
vestigations into normal uric acid values. As 


§ Cluri id Gira | 
vo uric acl Cl; . urjena 
& Clurie acid corr. to volenteny Clnuk 
o (ml/min.) | 1.73 m? : inuli 
g | 8 (ml/min.) (per ce 
YY |m 


{mt 10s 9.6 100 10.6 
2|m 6.7 ae) 106 6.3) 
Bh) ane d2e3 10.4 108 11.3 
4|m 9.7 8.7 128 7.6) 
Spa) et5.5 14.8 127 12.2) 
6|m 6.3 57 108 5.8 
File tal Ho slseO 13.5 76 17.1 
Sie) eddies 1H 97 12 
9|m]| 13.2 1202 112 11.8 
10;,\atshieetOe 1297, 94 11.6 
1 es} As 10.2 139 8.5) 
12|}m 8.7 8.3 125 7.0. 
eB arate lees 11.4 87 eo 
14] f | 10.0 iiss 61 16.4) 
15|m 8.2 7.9 134 6.1. 
16°) £5). 961.0:7 12.4 68 1S 
47 ik ft 12.7 92 12.49 
18] f 9.5 9.8 126 | 7.5 
19 | m 7.4 6.5 130 5.7] 
20 | m 6.9 72 97° ..| aa 
21|m 7.0 | 6.6 | 126 | 5.1 
Average 10.0 10.0 
Sab: 1.1 1.4 


might be expected, our figures are slight 
lower than those found by other investig 
tors, on the basis of Pretorius’ method, 
subjects on an ordinary diet. 

The uric acid clearance was determin 
in 21 subjects. Simultaneous estimation 
the glomerular filtration rate, measured 
the 
calculate the ratio of uric acid clearance 
inulin clearance, which indicates the e 
cretion percentage of uric acid, on the « 
sumption of complete filtration of uric ae 
The results are set out in Table III. 


inulin clearance, made it possible 
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e IV. Previous investigations into the 


cid clearance and the ratio of uric acid 


clearance to inulin clearance. 


Cluric acid 


gator Number of [Cluric acid |———— 
determinations | (ml/min.) |_Clinulin 
(per cent) 
| 
eee 16 6.93 — 
) ‘ 
es et al. 8 ils) 10.2 
) 
Ir 3 12.0 10.2 
3) 
“3 et al ? 15.4 corr. — 
#) 
rr et al. 2 16.4 i132 
») 
vw & McCaw ? 15.0 8—10 
h) 
t Work 21 10.0 corr. 10.0 


sie [LV compares our results with those 


red by other workers. None of their 
5 were obtained by enzymatic methods. 


SUMMARY 


me normal figures are given for uric 
in the human organism. The deter- 
wons were based on a specific enzy- 
‘method (Pretorius). On a low-purine 
ne plasma uric acid concentration was 
to be 4.4 mg/100 ml and 4.1 mg/- 
ml in 53 men and 18 women. The 
ze 24-hour excretion was 401 mg and 
ag. The uric acid clearance (corrected 
3 m? of surface) was estimated in 21 
‘and found to average 10.0 ml/min. 
-atio of uric acid clearance to inulin 
nce was 10.0 per cent. 
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INTRODUCTION 
intitative analysis of corticosteroids 
sma is the tool necessary to obtain 
information about the role played 
adrenals in regulation of the intact 
and the human being under normal 
athological conditions. In any method 
uantitative determination of  corti- 
vids, two difficulties must be over- 
212g. the low concentration of hormone 
t in plasma under normal conditions 
re presence of many closely related 
unds in plasma. Marrian (1955) 
irizes the present situation by saying: 
andard deviation of +10 % at op- 
steroid concentrations is the best that 
n reasonably hope for with most of 
ethods in use at present time; and 
some methods particularly at sub- 
1 steroid concentrations one may 
o be content with a S.D. of + 25— 
' As to the recovery his opinion is 
5 per cent recovery from plasma of 
pure steroid will be very satisfactory. 
ble I are summarized some of the 
is published. The specificity is de- 
t upon chromatographic separation 
on paper or on columns and on a 
al reaction, flourescence or absorb- 
light in the u—v range of the puri- 


fied substance. The method devised for de- 
termination of groups of corticosteroids 
such as the method of Nelson & Samuels 
(1952) and that of Kassenaar, Molenaar, 
Nijland & Querido (1955) have been used 
extensively to obtain some information 
about changes in the concentration under 
experimental or clinical conditions. The 
data obtained must be evaluated with cau- 
tion because these methods do not offer 
any routine criterion of the specificity of 
the method which may be applied under all 
conditions. In the methods published by 
Morris & Williams (1953 & 1955) and of 
Sweat, Abbott, Jeffries & Bliss (1953) the 
chromatographic better 
possibilities for separation of the different 
steroids, however the final measurement 
add very little to the specificity of the 
whole procedure. It may well be that these 
methods really are specific to the extent 
claimed, but some reservation seems reason- 
able until more crucial experiments have 


technique offers 


been carried out to confirm this point. This 


criticism is sustained by the discrepancy 
between some of the results obtained by 
these methods and by theoretically more 
specific methods. The method of Avidi, 
Simpson, Tait & Whitehead (1954) has 


shown a much lower concentration of 17- 
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eee 


Table I. Some characteristics of the methods for determination of 


corticosteroids in blood. 


Recovery 


ACHE: in per cent 


Isolation | te Specificity Range Accuracy 


| determination 


: sail) fx 
Nelson and column the reaction of | probably only He = 80—130 
Samuels (1952) | chromatography| Porter—Silber | comp. F | plasiea) 
paper density and comp. F, Band] . _ 5 semi-_ 
Bush (1952) chromatography| area of spots E separately eee : quantitative 
Morris and column comp. F, B and] (20 ml 80-—90 
Williams (1953) | chromatography polarography E separately plasma) 
Sweat et al. separately (5 ml 5 > 
(1953) chromatography] fluorescence compe Ei andiuspieria) ? : | 
determination 
Avivi et al. Avivi et at, [chromatography determination | Co, chromatography oe ACrend i Comp. F high | about 4 pg |aboue 70 +25 per c 
(1954) on column specificity (st. error) 
| activity | 
deviation on 
double deter- 
penne et al. boas Does ied en only fe ae 80--104 | minationeea 
( ) partition orte e mp plasma 1 g/100 mf 
plasma 
gradient elution NEO os 
Morris and tion reduction | comp. F, B and} (40 ml 
of column 80—90 
Williams (1955) of blue tetra- | E separately plasma) 
CAMELS IDES eoliumchloride 
paper chroma- 35S | 0.2—10 pg S.d. in the rai 
The present tography of iny comp F (5 ml 80—90 | 0.2—10 ug: 
derivatives plasma) +6 per cent 


hydroxycorticosterone in human peripheral a method must be available which makes 
plasma than the other methods (2.5+0.5 possible to control the specificity in ee 
ug/100 ml whole blood) and the findings individual determination. Otherwise p 
of Bush & Sandberg (1953) that human _ sible changes in the concentration of me 
peripheral plasma contained very little cor-  bolites of steroids and other interferi 
ticosterone in comparison with 17-hydroxy- substances under the experimental con 
corticosterone are in disagreement with tions will mask the changes in the cone 
the data of Morris & Williams (1953) tration of the substance looked for. 

and Sweat et al. (1953). It seems obvious The analytical principle of isotopic de 
that if the determination of these hormones vation developed primarily for amino ac 
in plasma shall be of any conclusive value, by Keston, Udenfriend & Levy (1950) | 


; 
: 
. 
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tentatively applied to this analytical 
lem by Avidi et al. (1954). They used 
> acid anhydricde labelled with 3H and 
is the reagents in the determination of 
‘ocortin (aldosterone) in plasma. They 
aasized the great theoretical advantage 
ved in this procedure, but for reasons 
h will be discussed later they did not 
-ed in developing an applicable method. 
i et al. (1954) obtained better results 
attempt to determine the level of 17- 
pxycorticostereone in plasma according 
e other principle of double tracer tech- 
- introduced for amino acids by Keston 
pspaluto (1952). Avidi et al. (1954) 
“MC labelled 17-hydroxycorticosterone 
'H labelled acetic acid anhydride. The 
Ficity was high and the recovery was 
lent as far as can be estimated from 
ather low accuracy. The sensitivity of 
type of technique is limited by the 
Fic activity of the 14C labelled steroid, 
he difficulty of obtaining the different 
of labelled steroids makes the method 
rveticable for the general determination 
orticosteroids. 
e present paper deals with a method 
_ upon the same principle of Keston 
(1950) but using another reagent. The 
iple is in fact merely a variation of the 
nic dilution principle and can very 
y be described as follows: The un- 
n amount of steroid to be measured 
terified (together with other reactive 
ounds present) with a substance label- 
vith a radioactive isotope (25S). Pro- 
the esterification of that steroid is 
‘itative, the amount of activity present 
e ester will be a measure of the un- 
n amount of steroid present. Direct 


advantage can however not be taken of this 
fact, in measuring the unknown amount, 
since when only small amounts of ‘the ester 
are present it cannot be isolated in un- 
contaminated state, either quantitatively, or 
with a reproducible recovery. The losses 
which inevitably occur during purification 
can, however, be indicated by adding a 
known amount of the steroidester labelled 
with another isotope (13! I), the activity of 
which can be measured independently of 
that of the first (99S). From the ratio be- 
tween the two activities in a sample of 
steroid-ester isolated and the known amount 
of the 131]-labelled ester added, the un- 
known amount of steroid originally present 
can then be calculated. From the discussion 
below it will appear that the double tracer 
technique has some additional advantages 
which make the whole procedure feasible 
as a routine method. 

Keston & Carsiotis (1953) 
showed that corticosteroids such as corti- 
sone, hydrocortisone and desoxycorticoste- 


Bojesen, 


rone were easily esterified with p-iodo- 
phenylsulfonylic acid anhydride (pipsan). 
Only one of the hydroxyl groups of hydro- 
cortisone was esterified and the yield of the 
ester was about 70 per cent. Studies of this 
esterification with the aim of developing a 
satisfactory analysis have resulted in a pro- 
cedure yielding quantitative esterification 
of pure hydrocortisone. Based upon this 
procedure a method for specific determina- 
tion of hydrocortisone in plasma from dogs 
and humans has been worked out. The over- 
all recovery is about 86 per cent and the 
standard deviation + 6 per cent at the level 
of 0.2—1.3 ug preformed in plasma sam- 
ples from dogs and humans. 
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METHODS 


Reagents 
Extraction Procedure 


Chloroform (Riedel de Haén: Fur Analyse 
Spezialqualitat Seruminstitut) 

Methanol (p.a. Merck) 

n-Hexane (M & B B. P. 67—69) 

Toluene (p.a. Merck) 

Ethyl acetate (Merck) 


Anhydrous sodium sulfate. 


Esterification 


Chloroform purified, anhydrous: The chloro- 
form (the above mentioned quality) is washed 
three times with 1/3 the volume of sulfuric acid, 
then with about 1/3 the volume of water and dried 
with sodium sulfate. Finally it is destilled over 
BaO under anhydrous conditions at 62 degrees 
(760 mm). Only the complete anhydrous fraction’ 
is collected. As long as it still contains a little 
water the chloroform will turn opalescent when 
cooled to —5 to —10 degrees. This purified and 
dry chloroform is very unstable and must be used 
immediately after destillation. 

Pyridine, purified, anhydrous: Pyridine (p.a. 
Baker) is refluxed and destilled over BaO the 
day it is used. Only the fraction boiling at 115.7 
degrees (760 mm) is collected under anhydrous 
conditions. 

Pipsan with *S (Pipsan 88S) was prepared 
from pipsyl chloride (Keston et al. 1950) accord- 
ing to the method used by Bojesen et al. 1953. 
The overall yield of activity as Pipsan 5S was 
about 30 per cent. The anhydride is a white powder 
with a sharp melting point 220—221 degrees. It 
must be stored over P2Os at —10 to —20 degrees, 
otherwise the melting point will drop indicating 
some breakdown and it will absorb water which 
eventually will ruin the esterification. 

Indicator: Of each steroid to be analysed the 
pipsyl ester labelled with I is prepared as fol- 
lows: About 5 mg steroid is dissolved in 0.3 ml 
7 per cent pyridine in chloroform (both purified 
as described above). 30 mg “Pipsan 131” prepared 


from pipsyl chloride I (Keston et al. i94¢ 
with about 1 m Curie 1%I is added slowly (2—} 
minutes) under vigorous shaking, then 0.3 n} 
7 per cent pyridine in chloroform is added and | 
few minutes later the chloroform is evaporate 
in a stream of nitrogen. The sticky residue | 
stirred into 2 ml benzene, centrifuged and the cleg] 
benzene solution is pipetted to another tube 1 
which the ester is precipitated with n-pentane. TE 
solvent is removed and the residue dried and dis 
solved in a few drops of methanol from whi¢e 
the ester is precipitated with 3—4 drops of wate) 
Following centrifugation (3200 rpm. in an of 
dinary Ecco-Superior-M centrifuge) for half al 
hour the methanol — water is removed and th 
precipitate dried in a stream of nitrogen. The 
two precipitations are repeated once. The ester | 
finally dissolved in benzene in which it is stor 
at room temp. When 20—30 analyses are pel 
formed per week this solution will suffice fe 
about 6 weeks. The purity can be checked b 
chromatography and radioauthography of th 
chromatogram. : 


Substance of reference of “‘Pipsan 35S” (pre 
paration of pipsyl glycine %S): 200—300 m 
glycine ethyl hydrochloride is dissolved in 5 ml o 
4 N NHaOH and extracted twice with ether. Th 
ether is dried with sodium sulfate and evaporatet 
The residue is dissolved in 0.5 ml 7 per cent pyri 
dine in chloroform (both purified and anhydrous 
and about 5 mg “‘pipsan 35S” is added. Chlorofort 
and pyridine are evaporated in a stream of nitre 
gen and the ester is hydrolysed with 4—5 drof 
of 0.5 N NaOH by shaking the tube in the vibre 
tor and keeping the tube dipped into a boilin 
waterbath. When acidified the pipsyl glycine wi 
precipitate. The precipitate is spun down and tt 
supernatant is removed. The precipitate is the 
shaken up in ether and transferred to another tub 
Ammonia saturated ether is added and the an 
monium salt of pipsyl-glycine ester falls ou 
These two precipitations are repeated twic 
Finally the acid is dissolved in a few ml water ar 
the concentration is determined by means of tl 
ultraviolet absorption. The solution is diluted wii 
0.2 N HCl and the extinction coefficient at 250 p 
is determined in a Beckman apparatus. The mol 
extinction coefficient is 15900. 
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Apparatus and Glassware 

s anhydrous conditions are necessary in order 
btain complete esterification, the glass tubes 
in this part of the procedure were heated in 
ream of dry nitrogen. 5 mm X 80 mm tubes 
fitted with a rubber cover in which two in- 
ms are made, one for a pasteur pipette for 
of the nitrogen (or for the Carlsberg pipet- 
and one for a very small and narrow glass 
for outlet of nitrogen (or equilibration of 
pressure). The reagents’ (anhydride and pyri- 
» are added with Carlsberg pipettes which 
just been dried by heating in a stream of 
gen and they are operated with a screw on 
xsed rubber tube, 
| vibrator A.C. 220 volt (Resiprotor, piston 
», Denmark) is used for shaking the tubes. 
ee Glass tanks (202452 cm) 
used. A fan with a diameter of 8 cm driven 
_ motor outside the tank (1500 r.p.m.) is used 
acrease the speed with which equilibrium is 
ned. The tank, solvents and separating fun- 
used are placed in a constant temp. room at 
C Three sides of the tank are covered with 
f paper, one of which dips into a tray placed 
ie bottom containing the methanol-water phase 
Hthe two others reach the bottom of the tank 
are soaked with the organic phase. The cover 
ne tank has a hole through which the moving 
* can be added to the tray carrying the paper 
§ when equilibrium is completed. The filter 
+ used for chromatography was Whatman 
11 washed with 2 N acetic acid and water, and 
in strips 2 cm wide, one strip being used for 
analysis. 
plvent systems: A: 70 per cent methanol- 
‘r and 40 per cent toluene-ligroin. 

90 per cent methanol-water and 40 per cent 


ine-ligroine. The ligroine was distilled at 
Vip” C. 
adioautography: X-Ray film (Kodak, Blue 


id, Code 3, 24 x 30 cm?). 

punting technique: Tracerlab’s Utility Scaler 
a G—M end window tube TGC—2. Window 
‘ness 1.9 mg/cm?C. The sample is placed on 
‘luminum planchet. The counting chamber of 
is supplied with a shutter of aluminum foil 
/ mm in a frame. This device a determination 


of the activity of the sample with or without a 
filter between the sample and the G—M tube with- 
out any change in the position of the sample. 


Analytical procedure 


1) Extraction of Comp. F. (17-hydroxy- 
corticosterone) from plasma 


10 ml or 5 ml plasma were beaten up in 15 ml 
chloroform (stabilized with 1 per cent methanol). 
The chloroform layer is siphoned to another flask 
with a small depression in the bottom for destilla- 
tion in vacuo. This destillation is carried out with 
a water suction pump at 40—50°C., and a slow 
stream of nitrogen is passed through a fine capil- 
lary into the fluid. When about one ml is left 
the remnant is transferred to a small glass tube 
(7x 100 mm). The flask is washed twice with 
0.5 ml of methanol and twice with 0.5 ml of 
chloroform. The sample is taken down to dryness 
by passing a stream of dry nitrogen over it. The 
residue is dissolved in one ml of 70 per cent 
methanol in water. This solution is washed twice 
with 0.5 ml of 20 per cent toluene in n-hexane, 
and the methanol-water is evaporated with the 
nitrogen. The residue is now taken up into one ml 
ethyl acetate and washed twice with 0.5 ml water. 
The ethyl acetate is dried with 50—100 mg sodium 
sulfate and transferred quantitatively to another 
tube. The ethyl acetate is evaporated in a stream 
of nitrogen and the residue is finally transferred 
quantitatively to the reaction tube with dry puri- 
fied chloroform. This tube was just previously 
dried as described above. The chloroform is eva- 
porated with dry nitrogen. 


2) Esterification 


The residue is dissolved in 25 wl 7 per cent puri- 
fied pyridine in dry chloroform and the tube is 
placed in the vibrator dipping into a Dewar flask 
with ethylene glycol at 0° C. The vibrator is 
started and three mg “‘pipsan °5S” dissolved in 
100 wl dry pure chloroform is added rapidly 
(about 10 seconds) with a dry Carlsberg pipette. 
Immediately an additional 25 41 7 per cent pyri- 
dine in chloroform is added. The tube is now 
removed from the vibrator and placed in a rack. 
After not more than 5 minutes, it is again placed 
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in the vibrator, the rubber cover is removed, a 
small drop of water added and then after care- 
fully shaking the indicator is added as soon as 
possible. 


3) Addition of the indicator 


The indicator is kept in stock dissolved in ben- 
zene. As the activity of the iodine decays rather 
rapidly the volume containing the required ac- 
tivity for one analysis rises rapidly. Since the 
procedures involve partition between the organic 
phase and a water phase it is necessary to add 
the indicator in pure chloroform in a fixed volume 
(0.05 ml) of pure chloroform. The solution of the 
indicator in chloroform is made each day and 
adjusted so that 0.05 ml contains 600—800 counts/ 
min. The activity should not be less, because the 
following isolation procedure involves loss of 
about 50 per cent to 70 per cent, and not more 
because then the S/I ratio per mol of steroid pre- 
sent in the analysis will be difficult to determine 
with accuracy. For the purpose of calibration of 
the group of analyses made with one particular 
solution of indicator, 0.05 ml is transferred to two 
empty tubes before the indicator is added to any 
tube containing sulfur activity (this order of 
operation prevents any contamination of these 
calibration samples). After this step in the proce- 
dure it is not necessary to operate in a quantitative 
or reproducible way because the indicator will ac- 
count for losses, however no unnecessary loss must 
be tolerated because low counting rates in the 
final determination of S/I ratio will lower the 
accuracy of the analysis. 


4) Isolation of the ester 


In the esterification procedure the ‘‘Pipsan 35S” 
is added in very large excess relative to the 
amount of ester formed, but most of it can easily 
be removed since the pyridinium salt of the p- 
iodophenylsulfonylic acid is very soluble in water. 
The chloroform phase is washed twice with water, 
and once with 50 per cent methanol in water, dried 
in a stream of nitrogen and transferred to the 
paper strips with 10 per cent methanol in chloro- 
form. Two variations of the system proposed by 
Bush (1952) were found to give excellent chro- 


matograms of the esters of corticosterone, 17+ 
hydroxycorticosterone and cortisone. The papeit 
strips are placed in the first tank (A), the fan is 
started and the moving phase is run into the tray? 
containing the strips. When the solvent front has 
reached the starting line (15 minutes) the fan ig 
stopped. 45 minutes later the chromatograms aré€ 
taken out and the spot with iodine activity is) 
localised with a G-M tube supplied with a cove 
of aluminum foil. The spot is chopped in smal} 
pieces and the ester is eluted by extraction four 
times with 0.5 ml of 10 per cent methanol ir 
chloroform. The extraction fluid is evaporated 
with nitrogen and the residue is transferred te 
another paper and a chromatogram is run in the 
second tank (B) for three hours after an equili 
brium period of one hour with the fan on. The 
chromatograms are radioautographed overnight 
The next day the spot containing the indicator i 
eluted as described above and if a check for purity 
of the spot is desired it is devided into a lower 
and upper half, which are eludated separately. | 
5) Counting and Calculation | 
The planchet is counted in the same position 
without and with the aluminum foil between the 
planchet and the counter. In this way values for 
the total activity (s) and for the high energy 
radiation (c) are obtained. From these values the 
S/I ratio of the sample is calculated by correcting 
for the fraction of iodine activity (f) and the 
fraction of sulfur activity (f;) which passes the 
filter. For a given filter ff and fs are constant 
and are determined separately. The formula is 


s== S + diand ¢ =f." 


from which 


In the method here described the indicator is 
used not only to account for any loss in the isola- 
tion procedure and error in the geometry of the 
counting procedure, but also to calibrate the ana- 
lysis without any determination of specific activity 
Only S/I ratios enter the calculation. 

For the purpose of calibration, the S/I ratio of 
a sample is determined containing a known num- 
ber of moles of the “‘pipsan ®°S” and the same 
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it of the indicator solution with the 1] 
d ester as used in the analysis. Since pipsyl- 
e is easy to prepare it has been used as the 
nce and the concentration of the solution is 
ined spectrometricaly by use of the extinc- 
oefficient of the substance. A certain num- 
f moles, enough to give a convenient S/I 
with the indicator activity used, is added to 
vo Standard tubes. A few drops of acetic 
re added and the tube is dried in a stream 
trogen. A small drop of acetic acid and a 
rops of 10 per cent methanol in chloroform 
sed for the transfer of the homogeneous 
on to ‘the planchet. The S/I ratio of this 
set is then counted with the same counter as 
aknown sample. The moles unknown (mol x) 
_ sample are then calculated from the for- 
‘where molst means the number of moles 
»syl-glycine 35S added to the standard. 


(S/I) x 
| A (S/Dst. 
‘theory the ester of the steroid would be a 
{correct reference substance to assure that 
idine and sulfur activity were distributed in 
lfar way on the planchet. However the error 
, determination of (S/I)st was not greater 
the counting error and therefore this simpler 
ture was adopted. 


molst. 


RESULTS AND DISCUSSION 


Esterification 


nen a blank analysis is run in parallel 
tubes containing known amounts of 

17-hydroxycorticosterone, the spots 
iodine activity in the blank have shown 
‘ negligible sulfur activity in compari- 
yith the S/I ratios found in the sam- 
ziven in Table II. This indicates first 
| that the ester is sufficiently stable 

the conditions chosen so that the 
» activity in the indicator does not ex- 
e with the sulfur activity in the rea- 
and that the system used is efficient in 
ating the excess of the reagent from 
ster. 


Table II. S/I ratio and recovery of pure 
17-hydroxycorticosterone in four different 


eperiments. 
: Calculated 
Hg comp. F S/I ratio recovery in per cent 
152 2.87—2.90—2.90—2.94 97 98 
; 98 99 
0.66 1.35—1.51 Oy TIO 
0.66 2.72—2.86 105 108 
0.575 2.43—2.54 LOSmaee OM 


e 


It is apparent from the results given in 
Table II that the esterification is quanti- 
tative and that none of the iodine activity 
in the indicator is exchanged with the sul- 
fur activity. It has been considered im- 
portant to prove this point as convincingly 
as possible. Therefore the esterification was 
carried out with Comp. F. and “pipsan 35S” 
and a certain large amount of 1!I labelled 
comp. B_ (corticosterone) was 
added. In the final chromatogram no iodine 
activity in the spot of the ester of comp. F 
was found and no sulfur activity in the spot 
of the ester of comp. B. The Rf of the two 
esters were 0.5 (comp. F) and 0.8 (comp. 
B) in the system of tank A. 

It has not been possible so far to establish 
clearcut limits of the different conditions 
employed in the esterification procedure. 


ester of 


However, it can within a reasonable degree 
of certainty be stated that the conditions 
chosen can not be subject to much variation. 
The only condition which makes the proce- 
dure a little difficult is the demand of an- 
hydrous conditions. There is no doubt that 
the esterification sometimes has been com- 
plete even when this condition was not full- 
filled, but it has not been possible, in spite 
of many attempts, to obtain a reliable pro- 
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cedure unless every trace of water was re- 
moved from the reaction tube. The “pipsan 
35S” must have the proper melting point. 
When it is hydrolysed the acid formed will 
always take some water as it is a very 
hygroscopic substance. The amount of the 
reagent (3 mg) chosen will saturate 0.1 ml 
chloroform. Unfortunately chloroform seems 
to be the only one of the common solvents 
in which “pipsan” is soluble to any con- 
siderable extent and it has been found that 
2 mg “pipsan” will not yield 100 per cent 
esterification. The amount of pyridine is a 
slight excess relative to the amount neces- 
sary to neutralize the acid formed, and the 
experiments have shown that the yield is not 
optimal when it is not in excess. It made no 
difference whether this excess was two or 
threefold but it is to be expected that a large 
excess will reduce the yield because Reich- 
stein & Fuchs (1940) did find that a large 
excess of pyridine will split the analogous 
ester of “tosyl.” TIurtherore a large excess 
of pyridine would be inconvenient in the 
purification procedure because it would 
keep some “pipsyl acid” in the organic 
phase when partitioned with water. A low 
it was 
reasonable to expect that this would im- 


temperature was chosen because 


prove the esterification and one experiment 
showed that this actually was the case when 
conditions were not completely anhydrous. 
The yield then was 97 per cent 0° C., 84 
per cent at room temp. and 80 per cent at 
40° C. The esterification is complete within 
a couple of minutes and it is to be expected, 
and was also found experimentally, that the 
indicator must be added as soon as possible 
after completion of the reaction especially 
when water is added. The water is added to 


be sure that no anhydride is left when tl 
indicator is added in order to prevent a1 
re-esterification of the indicator ester, | 
any of it is hydrolyzed. 


Isolation procedure 


The large excess of “pipsan” is remové 
by washing with water and as only a fe 
per cent of the ester formed and added w) 
be lost in washing with 50 per cent meth, 
nol/water this step has been introduced © 
remove other impurities. The procedu: 
with two paper chromatograms has bee 
chosen as the most convenient method + 
obtain the pure ester of comp. F. When ttl 
analysis is run with pure comp. F. sim 
partition procedures followed by one chr 
matography in the system of tank A wi 
most often give a pure spot. It has howeve 
not been possible to achieve this consistent 
and the procedure with two chromatogra 
was therefore chosen as the most reliabl 
The R¢s of the esters in question are cot 
venient. In the system of tank A Comp. I 
E and F will run with R¢s at 0.7—0.8, 0 
and 0.4—0.5 respectively. In the system : 
tank B the Rr of the ester of Comp. F | 
about 0.3 and therefore this chromatograt 
is allowed to overrun. The radioautograph 
is necessary to localize the spots accuratelt 
The positions are too different on strif 
run in parallel to rely on tracing with | 
monitor, and the amount of material is ne 
large enough to allow a localisation in ultra 
violet light. | 


Counting procedure 


The minimal theoretical error of the me 
thod arises from the counting procedur 
The two counting rates entering the ca 
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ion (s and c) of the S/I ratio have 
determined with a theoretical s.d. of 
per cent in all the data given in this 
r. In Fig. 1 is given the theoretical s. d. 
/T = R for two different values of ¢ 
function of the R-value itself. 
hen c has the value of about 100 c/min. 
heoretical s.d. of the determination of 
is about 4 per cent, when the back- 
md is about 25 c/min. and the total 
ser counted is of the magnitude of 
. With the same background and total 
ber counted the s.d. of ¢ will be 1.5 
Eent. The s.d. of s is always 1—1.5 
rent. In this calculation the two filter 
irs (f; and f,) are supposed to be 0.6 
).03 respectively. The figure shows that 
tc is below four times the background 
high values of R do not give satis- 
Iry results. On the other hand higher 
‘s of ¢ than eight to ten times the back- 
ad do not lower the s.d. of the deter- 
tion of R appreciably. This means that 


L certain sulfur activity in the sample 
ptimal value of ¢ is about 6—10 times 
packground. The amount of indicator 
' must therefore be adjusted so that 
actually will be the case when a loss in 
solation procedure of about 50 per cent 
sidered. The curves in Fig. 1 can be 
to find out whether the counting tech- 
; used is optimal because the s. d. of 
ited determination of R of the same 
het must be as indicated in the figure 
> technique is sufficiently good. From 
3. d. of the final determination of the 
‘it must be concluded that it will be 
mable to work with an accuracy of 
_3—5 per cent in the chemical part of 
malysis. 


100 ¢/min 


200-500 ¢/min 


Fig- 1. The sid. of S/I=R as a function of the 
magnitude of R. This function for two values of 
¢ (100 and 200—500 c/min.) when the background 
is 25 c/min. and the total number of counts is 
about 5000. The values are calculated from the 
{1S = and f, and f,: 0.6 and 0.03. 


Cea hss 


5 


formula R= 


Extraction of plasma 
The method of Kassenaar et al. (1955) 
has been followed to some extent. Table III 
shows that the extraction yields a residue 
from which comp. F can be recovered al- 
most quantitatively as the ester. 


Table III. Data on the percentage recovery 
of comp. F added to plasma extract of dogs 
and humans. The amount of plasma extracted 
was 10 ml for dogs and 5 ml for humans. 


jeg Comp. F ug Comp. F Percentage 
added preformed recovery 

1.15 0.25 93 

dogs 0.66 0.59 95 98 
0.58 0.30 96 

0.58 PAI 120 92 

0.58 0.50 93 98 

humans 0.58 Ot 88 103 

0.55 0.65 91 99 

0.30 0.30 100 100 

0.45 0.50 92 102 
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Table IV. Check on the chromatographic 
purity of the ester of preformed comp. F. 


if S/I ratios 
Plasma jg Comp. F a: lower 
ml half half 
10 0.24 0.435 0.405 
| 10 0.25 0.45 0.47 
dogs ‘ 
| 10 0.59 1.58 1.72 
10 0.59 1.74 de52 
10 WAN 2.76 2.68 
( 10 1.26 2.95 2.88 
5 0.88 3.35 2.85 
5 0.88 3.48 2295 
J ees 0.51 0.92 0.92 
umans } 5 0.49 0.89 1.00 
5 0.53 1:02 0.85 
5 0.49 0.90 0.85 
| 5 0.69 1.46 134 
5 0.61 1.05 124: 


If the method is specific the S/I ratio 
must only arise from comp. F. and the 
method offers a good criterion of purite as 
inhomogenity of the spot is very easy to 
detect and it is very unlikely indeed that the 
ester of any other substance will move 
exactly as the ester of comp. F when this has 
an Rf of 0.3—0.5. In Table IV are shown 
some data from double analyses on dog and 
human plasma. No extra steroid was added 
to the plasma. The spots in the final chro- 
matograms were divided in an upper and a 
lower half and the S/I ratio determined in 
each of them. The percentage difference 
between the two determinations of the S/I 
ratios of the spots are all except two within 
the s.d. determination. These two are both 
within twice the s. d. of the counting proce- 
dure of these R-values (taken from Fig. 1). 


Table V. Determinations of Comp. \ 
(17- hydroxycorticosterone) in plasma of de 
and humans (students) and the recovery of 1 
steroid added to plasma before the extractiu 


pug Comp. F ug 
Comp.F centa 
added | 


Plasma 
ml found 
preformed 


0.66 


dogs 0.30 
10 0.33 0.66 86 
10 0.24 0.575 90 
0.245 - 
10 0.25 0.575 89 | 
10 1.19 0.58 79% 
| 1.22 | 
10 1.26 0.58 87am 
5 0.845 0.58 « “Ba 
0.86 
5 0.876 0.58 90 
5 0.51 0.58 77 
0.50 
5 0.49 0.58 oe 
humans | 
5 0.53 0.58 85 
0.51 
es 0.49 0.58 oa 
5 0.69 055 
0.65 
5 0.61 0.55 100 | 
5 0.28 0.45 83 
| 0.295 
5 0.31 0.45 104 


In Table V are given the results of 7 
covery of comp. F added to plasma fre 
dogs and humans (students). The de 
were mongrels and the blood sample w 
taken 5—10 minutes after their remor 
from the cage. The blood was taken fre 
the students about 10 a.m. The blood y 
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ie and centrifuged immediately 
| it was taken. Two analyses of each 
na were run for determination of pre- 
ed Comp. F and two with the steroid 
d before extraction with chloroform. 
ve average recovery of Comp. F added 
lasma is 86 per cent in these experi- 
s, shown in Table V, and the scatter is 
— what is to be expected with the stan- 
deviation calculated for all double 
minations made so far with this proce- 
_ As the recovery of comp. F added to 
na extract was about 95—100 per cent, 
oss of steroid must occur in the extrac- 
procedure and not in the process of 
sfication in spite of the great many 
ances present there. 

far no other extraction procedure has 
tried and it can only be stated that the 
‘sis is specific, accurate and with good 


rery, but to what extent all the pre- 
ed Comp. F is determined is impossible 
w without the use of !4C labelled steroid. 
éver Simpson & Tait (1955) obtained 
97 per cent recovery of added !4C-label- 
ydrocortisone with a chloroform extrac- 
similar to the one used here. It there- 
‘seems reasonable to assume that the 
ery of preformed comp. F is equal to 
recovery of that added. 


The analysis in general 

¢ great advantage of the reagent used 
» simplicity of the counting procedure 
the simplicity of the calibration. The 
bd of Avidi et al. (1954), employing 
ume principles but acetic acid anhydride 
e reagent, did not lead to satisfactory 
‘s because it seems difficult to get rid 
ne excess reagent, and the counting 


procedure is difficult, involving deter- 
minations of 14C and 3H in two different 
counters. The geometry therefore will play 
a significant role in limiting the accuracy 
of the method. This is not the case when 
S/I ratios are the only activity determina- 
tions entering the calculations, because the 
geometry will influence the s counts in just 
the same way as the c counts. 

The full range of the method is not yet 
established, but it seems likely that other 
corticosteroids present in plasma can be 
determined just as well as comp. F and that 
the sensitivity of the method can be in- 
creased about tenfold by using a counter 
more sensitive to 35S and a higher specific 
activity of the “pipsan 35S”. 


SUMMARY 


A method using the principle of isotopic 
derivation and p-iodophenylsulfonylic acid 
anhydride as the reagent labelled with ®°S 
or 131] has been devised for the analysis of 
17-hydroxycorticosterone in plasma of dogs 
and humans. The range of the method is 
0.2—1.5 wg in which interval the s.d. has 
been found to be +6 per cent; more steroid 
can easily be determined with the same or 
higher accuracy. The loss in the extraction 
procedure is about 14 per cent. When the 
substance is added to plasma extract it is 
recovered as the ester almost quantitatively. 
The method permits an effective control of 
its specificity in each individual sample. 
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Spectrophotometric methods for deter- 
mining the oxygen saturation of hemoglobin 
are being used to an increasing extent. Since 
the fundamental publication of Drabkin & 
Schmidt (1945), a number of methods have 
appeared (Nahas, 1951; Hickam, Pryor, 
‘Page & Atwell, 1951; Roos & Rich, 1952; 
‘Wade, Bishop, Cumming & Donald, 1953; 
‘Klungsoyr & Stoa, 1954; Stainsby, Fales & 
(Lilienthal, 1955).1 
In comparison with the manometric 
method of Van Slyke & Neill (1924) the 
‘spectrophotometric methods have the ad- 
wantages of being simpler and much more 
jrapid and requiring smaller blood samples. 
_ The normal values for arterial oxygen 
‘saturation are usually found to be somewhat 
higher (98.0—98.6 per cent) with the spectro- 
photometric methods (Drabkin & Schmidt, 
1945; Hickam ef al., 1951; Lambertsen, 
(Bunce, Drabkin & Schmidt, 1952; Klungs- 
idyr & Sta, 1954) than with Van Slyke & 
‘Neill’s manometric method (97.0—97.9 per 
rent) (Comroe & Walker, 1948; Wood, 
1949; Wood & Geraci, 1949; Lambertsen 
at al., 1952; Dempsey & Wilson, 1954). 

In choosing a spectrophotometric method 
(t seemed to us that the methods of both 
Nahas (1951) and Klungsdyr & Stga (1954) 
would fulfill our requirements of accuracy 
and rapid, simple performance and would 
pe well suited to our spectrophotometer 
‘Beckman Model DU). We therefore found 
t desirable to make a comparison between 
a slightly modified version of .Nahas’ very 


1 After this paper had gone to press: ‘Tsao, 
Sethna, Sloan & Wyngarden (1955) and Holling, 
Mac Donald, O'Halloran & Venner (1955). 


simple and inexpensive plastic cuvette and 
a considerably more expensive and com- 
plicated glass cuvette, Klungsgyr & Stga’s 
modification (1954) of Drabkin & Austin’s 
cuvette (1935). 

Since both Nahas and Klungsdyr & Stga 
found rather marked disagreement in some 
of their analyses between the spectrophoto- 
metric and manometric results, we decided 
to make a comparison with the manometric 
method at the same time. 

In the present investigation the optical 
density was measured at 576 and 560 mu, 
a maximum and a minimum in the ab- 
sorption curve of HbOs. Calculation of 
the oxygen saturation was made as follows 


(Drabkin, 1950) : 


DHbO,576 D576 
DHbO,560  D 560 
= 
D 576 (/ DHb560 DHbO,576  DHb576 


D 560 \DHbO, 560 - DHbO,560 DHbO,560 


X is that part of the total pigment present 
as reduced Hb; DHbOz2 and DHb are the 
optical densites for fully oxidized and re- 
duced hemoglobin respectively at the wave 
lengths employed. When the constants 
DHb02576/DHb0O2560, DHb560/DHbO2560 
and DHb576/DHbO2560 are determined 
beforehand and D576 and D560 are meas- 
ured in the blood sample tested, X can be 
calculated and the oxygen saturation will 
be 100 (1—X). 

In order to obtain accurate spectrophoto- 
metric results it is especially important that 
the constant DHbO2576/DHbO2560 and the 
ratio D576/D 560 in the blood to be analysed 
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are determined as accurately as possible. 
Both are influenced by COHb and by a 
pronounced increase in serum lipids, but 
not by an increase in serum color, even if 
large. Both are temperature dependent 
(Refsum, 1956). 

The influence of varying concentration 
of “inactive” Hb is questionable. Van Slyke, 
Hiller, Weisiger & Cruz (1946) report an 
average of 1.3 per cent “inactive” Hb in the 
total pigment in freshly drawn venous blood, 
but Comroe & Walker (1948) and Dempsey 
& Wilson (1954) doubt the presence of 


significant quantities in arterial blood. 


METHCDS 


In these investigations we used heparin blood 
from young, healthy non-smokers who had _ in- 
gested a light, low fat content breakfast 2—3 hours 
before the samples were taken. To avoid the 
disturbing influence of fibrin precipitation during 
spectrophotometry, it was important to draw the 
blood rapidly and to mix it thoroughly with 
heparin. To reduce the influence of possible “‘in- 
active’ Hb to a minimum and to avoid a differ- 
ential effect on the two analytical methods by a 
possible reversion of “‘inactive’ Hb to active Hb, 
both the spectrophotometric and manometric in- 
vestigations were performed at the same time, at 
least two hours after the samples were drawn. 

Blood for the comparative investigations was 
drawn without stasis in a Luer syringe from the 
cubital vein with the usual anaerobic technique. 
Varying oxygen saturation was obtained by pre- 
warming the arm in a water bath before the blood 
was drawn. Aliquots were taken from the original 
blood sample immediately before the analyses were 
begun. 


Spectrophotometric method 


Cuvettes: Klungsgyr & Stdéa’s glass cuvette, 
depth 0.07 mm (Klungsdyr & St¢a, 
1954). For injection into the cuvette 
we used a straight, cut off Record 
cannula, connected with the injection 
tube of the cuvette by a bored rubber 
stopper. 

Nahas’ lucite plastic cuvette, depth 
0.1 mm (Nahas, 1951). Instead of 
the angular canals through the plastic 
for filling and emptying, slots were 
ground directly into the analysis 
chamber in the plastic along the metal 
gasket. 


Techmque: Except for the details mentioned 
below, the analyses were performed as described 


by Klungsgyr & Stdéa (1954). After a 10-minute 
equilibration of the blood sample in a 20° C water 
bath, filling of the Luer syringe with 0.1 ml of 
30 per cent saponin (Merck) per 5 ml blood, 
thorough mixing for 1 minute, and injection into 
the cuvettes, the optical density was immediately 
read at 576 and 560 mu in a Beckmann spectro- 
photometer Model DU, aperture 0.04 mm. 

Determination of the spectrophotometric con- 
stants: 5—7 ml non-hemolyzed blood was rotated 
15 min. in a 300 ml tonometer, periodically 
flushed with fresh air. After the drawing of 
the blood into the Luer syringe and further ana- 
lytical procedure as described above, DHbO2576 
and DHb0O2560 were read. Then the rest of the 
hemolyzed blood was reduced by thorough mixing 
with 6 mg NazS2O4 per ml blood and DHb576 and 
DHb560 were read in the same cells. 

Comments on calculation: In all determina- 
tions, both with the glass and the plastic cuvette, 
the optical density was read in two cells. All 
readings were carefully corrected according to the 
blank readings at 576 mu of the cells employed, 
filled with water. The spectrophotometric ratios 
were taken as the average of the two ratios cal- 
culated for each cell separately. 


Manometric method 


The manometric analyses were carried out ac- 
cording to Van Slyke & Neill (1924) but without 
special absorption of carbon dioxide, using the fol- 
lowing reagent: 16 g KsFe(CN)s, 30 ¢ NaeBsO7- 
-10 H2O and 5 g saponin per liter solution (Van 
Slyke, 1943). Corrections for dissolved oxygen 
were made according to Sendroy, Dillon & Van 
Slyke (1934) and Comroe (1950). 


RESUETS AND: DISCUSSION 


Determination of spectrophotometric 


constants 


The results are presented in Table I. They 
show that under the described analytical 
procedure these constants can be determined 
with great accuracy with both types of cu- 
vette. In some determinations corrections 
were made for small deviations of the tem- 
perature from 20° C. The somewhat larger 
variations in the ratios DHb560/DHbO2560 
and DHb576/DHbO:2560 can be ascribed to 
accidental small differences in the concen- 
tration of total pigment and/or small varia- 
tions in the depth of the cells from the 
first reading to the second. 
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Table I. The constants for calculation of 

hemoglobin oxygen saturation in hemolyzed 

whole blood determined by measuring the 

optical density at 576 and 560 mu in fully 

oxygenated and reduced blood in the glass 
and plastic cuvette at 20° C. 


Spectro- yee of Number | 
photometric eae of deter-; Mean S:D) 
ratio | minations 

DHbO2576 Glass 18 1,806- 0.002 
DHbO2560 Plastic 10 1.807 0.004 
DHb576 Glass 10 1.094 0.005 
~DHb02560 Plastic 10 1.094 0.005 
DHb560 Glass 10 1.470 0.005 
) DHbO2560 Plastic += 10.—S«1.471_—«0.008 


__ When the constants are substituted in the 

formula, the oxygen saturation determined 

with the glass cuvette is: 

| Ane Fee: 576 | D 560 = 1.094] 
0.47 -D 576/ D 560 + 0.712! 


Comparison of spectrophotometric and 
manometric results 


per cent 


The results are presented in Table II. 
“They show that at both high and low degrees 
(of oxygen saturation there is good agree- 
iment among the results of the methods used. 
‘The mean difference of the spectrophoto- 
imetric values from the manometric is — 0.2 
jper cent for the glass cuvette and + 0.6 for 
(the plastic cuvette, with a standard devia- 
(tion of 1.1 per cent for both cuvettes. 
_ The differences between the spectrophoto- 
metric and the manometric values in single 
canalyses may be due in part to small acciden- 
{tal variations in the composition of the blood 
‘samples (COHb, “inactive” Hb, serum lipids) 
Nwhich have a differential effect in the 
two types of analyses. It should be stressed 
that faulty adjustment of the temperature 
of the blood samples yield inaccurate spectro- 
photometric values. 

The results obtained both with the glass 
and the plastic cuvettes are satisfactory. The 


Table Il. Hemoglobin oxygen saturation 
in per cent determined by spectrophotometric 
and manometric method in 19 samples. 


| Spectrophoto- 
Manometric metric method 


method ———— 


Glass cuvette | Plastic cuvette 


20.3 20.1 21.0 
34.7 34.1 34.8 
47.5 47.3 47.9 
54.0 52:2 53.6 
57.9 58.2 58.5 
72.4 71.8 WER) 
82.6 84.3 84.7 
83.6 83.0 84.9 
84.4 83.7 84.3 
87.2 87.4 88.2 
87.5 85.2 85.9 
90.8 92.9 93.3 
92.2 91.1 92.1 
92.6 92.4 93.6 
93.0 94.6 94.9 
93.1 94.0 95.0 
93.7 93.8 94.3 
95.0 94.0 95.0 
96.9 95.9 96.2 
Mean 768 76.6 77.4 


consistent difference between the values ob- 
tained with the two types of cuvette can be 
explained as follows. Following the hemo- 
lysis with saponin, there is often a gradual 
reduction of the oxygen saturation. This 
process continues unaltered inside the glass 
cuvette, as shown by the decrease in the 
ratio D576/D560. Inside our plastic cuvette 
however, the optical density of the blood 
undergoes alteration, which corresponds to 
oxidation, as shown by the continuous, rela- 
tively rapid increase in this ratio. Conse- 
quently the time which elapses both between 
hemolysis °and reading and. injection into 
the cuvette and reading is significant. 
Except for the fact that injection and reading 
were performed as quickly as possible after 
hemolysis, no attempt was made to correct 
for these phenomena in the present investi- 
gation. 

The mean difference between the dupli- 
cate readings is 0.18 per cent for the glass 
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cuvette and 0.32 per cent for the plastic, 
with a standard deviation of 0.15 and 0.30 
per cent respectively. The larger deviations 
with the plastic cuvette may be due to the 
depth of this cuvette (0.1 mm) which gives 
unfavorably high values of optical density 
at the wave lengths employed and thus 
greater inaccuracies in the readings; they 
may also be due to small defects in the 
plastic and to the fact that this cuvette is 
more difficult to keep clean than the glass 
cuvette, as often observed in the blank read- 
ings. In evaluating the two cuvette types 
employed it should also be mentioned that 
that the depth of the plastic cuvette is de- 
pendent on temperature. 


SUMMARY 

Hemoglobin oxygen saturation has been 
determined both manometrically, using the 
method of Van Slyke & Neill, and spectro- 
photometrically, using two types of cuvette: 
one, a modification of Nahas’ plastic cuvette, 
and the other, the Klungsdgyr & Stga modi- 
fication of Drabkin & Austin’s glass cuvette. 
Under the described analytical procedure 
good agreement has been found amoung the 
results of 19 different blood samples having 
various values of hemoglobin oxygen satura- 
tion. With the plastic cuvette somewhat 
higher values have been found than with the 
glass cuvette. Sources of error in the spec- 
trophotometric methods have been discussed. 
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PRODUCTION OF SERUM FROM SMALL AMOUNTS OF BLOOD 


Institute of General Pathology, University of Copenhagen, Copenhagen, Denmark 


By Ni HARBOE? 


(Received for publication November 5, 1955) 


In a study on the serum proteins in mice 

it proved fairly easy to procure small 
amounts of blood without significant after- 
bleeding. On the other hand, the procedure 
used initially to obtain serum was not re- 
liable, the clot quite often adhering so firmly 
to the wall of a capillary tube closed at one 
end that centrifugation gave incomplete 
separation. 
Therefore, the following method was 
worked out: Cut one or two millimetres off 
the tail with scissors and draw the blood 
immediately into a capillary tube. Its lumen 
should preferably be one square mm, as 
his gives a length of the blood column in 
millimetres equal to its volume in cubic mm. 
Hold the capillary tube in a vertical position 
and draw the first small drop of blood into 
(ts lower opening. Later, as it becomes more 
Hifficult for the capillary force to draw the 
plood, change gradually to an oblique or 
Horizontal position. 

When a sufficient amount of blood has 
een obtained, leave the capillary tube in 
the horizontal position for 1/2 to 2 hours at 
room temperature or in the refrigerator. 


[Then place it — blood column down — in 
in ordinary centrifuge tube containing a 
mixture of 10 parts — by volume — of 


iquid paraffin and 3 parts of carbon tetra- 
thloride. The density of this mixture should 
be between 1.045 and 1.055. During the 
jubsequent centrifugation — 10 minutes in 


1 The expenses of this investigation were de- 
frayed by a grant from The Danish State Re- 
Fearch Foundation. 


an ordinary laboratory centrifuge — the 
mixture displaces the serum, which has a 
lower density, from the clot. As the latter 
is of a density higher than the mixture it 
remains adherent to the capillary wall or is 
centrifuged down. After centrifugation, the 
interface between the serum and the mix- 
ture is seen completely free of the clot. 
Fish the capillary out, wipe it off with 
filter paper, and cut it in two immediately 
above the interface. The serum may then 
be directly sucked out and measured with a 
constriction pipette (of the Carlsberg type). 


SOME COMMENTS ON THE EXPERI- 
MENTAL CONDITIONS 

1, The amount of serum obtained does 
not seem to depend on whether clotting and 
contraction of the clot take 
place at room temperature or 
atc Oe 

2. The clotting and contrac- 
tion time must be a minimum 
of half an hour. If up to 18 = 
hours elapse before centri- ) 
fugation, there is a risk of a 1 
reduced yield and slight hemo- | 
lysis, especially in that part of ee 
the serum column which bor- 
ders on the interface. 

3. Centrifugation must be 
performed immediately after 
the capillary tube has been a 
placed in the paraffin-carbon 
tetrachloride mixture. Other- 
wise, hemolysis may occur in 
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the border layer. On the other hand, the 
capillary tube may without risk be left in 
the mixture after centrifugation. 

4. The density of carbon tetrachloride is 
about 1.60, and only 0.8 g may be dissolved 
in 1000 g of water at 20°. The liquid paraf- 
fin, which is entirely insoluble in water, had 
a density of about 0.89. In fixing the den- 
sity of the mixture due regards was paid to 
the fact that a serum — with a protein 
content of 13 g per 100 ml — has a density 
of 1.045 whereas the density of the clot is 
always bound to be considerably higher 
than 1.055 (the density of red blood cells 
is 1.100 + 0.006 (FE. Ponder, J. Biol. Chem. 
144, 333—338, 1942)). 

5. The centrifuge tube is filled with the 
mixture at least to the level shown in the 


figure, if the interface is to be definitely 
free of the clot. The mixture can be used 
an unlimited number of times, if only the 
correct density has been secured. Impurities 
may be filtered off. 

In most cases the method was used in 
dealing with blood samples of 20 to 50 mm? 
in capillary tubes with lumina of about 
1 mm2. If normal human blood is used then 
the yield of serum is 45—55 per cent. How- 
ever, the method has also been used for 
samples as small as 2 mm? in capillaries 


with lumina of only 0.045 mm? — with a 


yield of about 45 per cent. 

Judged by paper electrophoresis experi- 
ments the procedure does not entail any 
alteration in the serum proteins. 
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DETERMINATION OF URINARY UROPORPHYRIN 
BY A DIRE CIV EX TRAGEION METHOD 


By Eat. BODRESEL, C. RIMI 


From the Nuffield Unit for the Investigation of Pyrrole Pigment Metabolism, 


NGTON anp B. E. TOOTH 


University College 


Hospital Medical School, London, W. C. 1, England 
(Received for publication December 12, 1955) 


Coproporphyrin present in urine or sim- 
ar fluids may readily be determined by 
‘rect extraction procedures. Ether contain- 
ig acetic acid is the organic solvent usually 
sed for extraction, after which the por- 
ayrin is returned to aqueous acid and 
timated either by fluorimetry or spectro- 
aotometry (Saillet, 1896; Fikentscher, 
932; Brugsch & Kubowitz, 1953), More 
scently Schwartz, Zieve & Watson (1951) 
wve described a procedure for determining 
»proporphyrin in urine in which the ex- 
actant is ethyl acetate. 

“The determination of uroporphyrin, on 
‘¢ other hand, has always presented con- 
derable difficulty since it is not extract- 
ple by ether, and adsorption techniques 
we, of necessity, been resorted to, but 
‘ey have not been entirely satisfactory 
“om the point of view of ease of manipula- 
on and quantitative recovery (Rimington, 
/43; Sveinsson, Rimington & Barnes, 
#49; Brugsch, 1949; Askevold, 1951; 
pekwood, 1953; With & Petersen, 1954). 
ne ether-insoluble porphyrin present in 
ute porphyria urines (‘““Waldenstrom por- 
hyrin”), which is probably a mixture of 
foporphyrin isomers together with other 
irphyrins such as a hepta-carboxylic por- 
rin, was found by Waldenstrom, Fink 
d Hoerburger (1935) to be extractable 
ethyl acetate within the narrow pH range 
J—3.2. 
ecently Dresel & Tooth (1954) speci- 
¢d conditions under which uroporphyrin 
as well as Waldenstrom porphyrin will 


i 


pass quantitatively into ethyl acetate from 
solutions containing low concentrations of 
these porphyrins. This was contrary to the 
findings of Waldenstrom, Fink & Hoer- 
burger (1935), who were unable to extract 
uroporphyrin from aqueous solutions by 
ethyl acetate. It seemed possible that quan- 
titative extractions are obtained only with 
low concentrations of uroporphyrin I, and 
that a difference between the behaviour of 
the two isomers would be observed at higher 
concentrations such as those present in the 
urines of certain pathological conditions. 
Further, it has been suggested (Watson, 
Berg & Hawkinson, 1955) that recoveries 
from urines might differ from those ob- 
tained with pure solutions. We have there- 
fore performed several experiments with 
high concentrations of uroporphyrins I and 
III (Waldenstrom porphyrin which, when 
tested by the paper chromatographic method 
of Falk & Benson (1953), behaved as uro- 
porphyrin III only), added to aqueous 
solutions and to normal urines. In no case 
have we been able to observe any significant 
difference between the behaviour of uro- 
porphyrin I on the one hand and Walden- 
strom porhpyrin on the other, when both 
porphyrins were tested under identical con- 
ditions. Thus, for example, at a concentra- 
tion of 10 mg/l in normal urine, quantitative 
extraction of both porphyrins with ethyl 
acetate was possible after the addition, to 10 
ml of urine, of 2 ml of 10 per cent (2.8 NV) 
HCl and 6 ml of saturated Na acetate and 
subsequent adjustment to pH 3.2. How- 
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ever, similar treatment of normal urine 
containing 30 mg/l of uroporphyrin resulted 
in partial precipitation of both types of 
porphyrin, and obviously, therefore, extrac- 
tion into ethyl acetate was incomplete. 
A concentration of 10 mg/l is of the order 
which might be expected in a typical acute 
porphyria urine, containing the Walden- 
strom type porphyrin. On the other hand, 
urines from cases of congenital porphyria 
may contain much higher concentrations. 
We recently found a concentration of some 
150 mg/l of uroporphyrin I in a typical case. 
This porphyrin was precipitated almost 
completely on adjusting the urine to pH 3.2; 
when, however, the urine was diluted 15 
times with normal urine, the recovery of 
uroporphyrin, using ethyl acetate as the 
extracting agent, was as high as when cyclo- 
hexanone (see below) was employed. We 
feel, therefore, that the differences in solu- 
bility observed in various laboratories were 
due to the fact that the isomers were han- 
dled at different concentrations. We do, 
however, confirm the observation of Wal- 
denstr6m et al. (1935) that crystalline uro- 
porphyrin |] will not dissolve in glacial 
acetic acid, whereas Waldenstrom porphyrin 
or uroporphyrin III (from turacin) are 
readily brought into solution by this acid. 
Finally, it is of interest that the presence 
of acetic acid is not essential for passage of 
uroporphyrin into ethyl acetate. When a 
solution of uroporphyrin I in weak alkali 
was carefully adjusted to pH 3.2 with dilute 
HCl, the majority of the porphyrin, as 
judged by fluorescence, passed into the 
ethyl acetate layer in one extraction. 


Kennedy (1954) observed that many por- 
phyrins, including uroporphyrins, will pass 
readily from suitably acidified solutions 
into cyclohexanone and suggested that this 
might form the basis of a quantitative pro- 
cedure. We have made a study of the pheno- 
menon as a result of which we present a 
technique for the determination of uro- 
porphyrin I or Waldenstrom porphyrin 
present in urine. It is reasonably rapid and 


affords recoveries of added uroporphyrin — 
(either isomer) ranging from 100 per cent 
at the level of 1 mg/l to 80 per cent at the | 
100 ug/l level. At still lower concentrations, 
recoveries are not quite so good, 66 per cent 
to 68 per cent being recovered from 20 ug/l 
of urine. The ‘blank’ determinations carried 
out upon the normal urine without any | 
addition confirm the statements of Nicholas | 
& Rimington (1949), Schwartz (1953), | 
Lockwood (1953), and With & Petersen | 
(1954) that normal urine does contain small 
amounts of uroporphyrin. We find the con- | 
centration to be of the order of 5—20 ug/L. } 
For the determination of such quantities, a_ 
small modification is recommended of our | 
general procedure for pathological urines | 
(see below). Should very large quantities | 
of uroporphyrin be present in urines; 
(> 1 mg/l) the concentration may be de-| 
termined without great error by diluting } 
with HCl to obtain a final concentration of | 
0.5 N, reading the density at the Soret} 
maximum and also at 430 my and 380 my 
and then applying the correction formula) 
of Rimington & Sveinsson (1950). 


Sa 
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MATERIALS \; 4 


Uroporphyrin I. (Octa-methyl ester M.F. 293° 
was isolated from congenital porphyria uri 
(Rimington & Miles, 1951). 

“Waldenstrom porphyrin’. (Methyl ester MPC 
260°) was pooled material isolated from urines| 


ington, 1953). When tested by the paper chromato-) 
graphic method of Falk & Benson (1953) it be-i 
haved as uroporphyrin III only. 

Cyclohexanone. The commercial product was} 
distilled under reduced’ pressure and the fraction) 
with constant B. P. was used without further puri-} 
fication.’ 

Light petroleum. B.P. 40—60°. 
product. i, 

For, recovery experiments the porphyrin esters) 
were hydrolysed by leaving in contact with 25 per) 
cent HCl (ca 7 N) for 36 hours at room tempe- 
rature and then evaporated to dryness in vacuc)- 
over NaOH and P2QOs. The free porphyrins were 
dissolved-in a small volume of 0.1 N NaHCOs)j: 
and the exact concentration determined spectro- 
photometrically after suitably diluting a sample. 
with 2 per cent HCl (ca 0.55 N). 


Commercial), 
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METHOD AND RESULTS 


The standard method finally adopted for 
pathological urines, and which gave the 
results shown in Table I, was as follows. 
50 ml of urine were shaken twice with 
10 ml of glacial acetic acid and 100 ml of 
ether to extract the coproporphyrin. The 
combined ether layers were shaken once 
with 30 ml of saturated sodium acetate to 
remove any uroporphyrin which might have 
been carried over and this washing was 
added to the aqueous layer. It was found 
that less than 0.2 per cent of the copro- 
Dorphyrin present in the ether is removed 
under these conditions. Should the uro- 
sorphyrin concentration in the urine be 
very high, several aqueous washes of the 
sther may be necessary; the usual precau- 
ions of pH control should then be taken to 
avoid return of the coproporphyrin into the 
aqueous layer. For extraction of the uro- 
oorphyrin, the aqueous layer was next ad- 
usted to pH 1.5 with conc HCl, using a 
oH meter, and then extracted twice with 
50 ml of cyclohexanone! An equal volume 
(100 ml) of light petroleum (B.P. 40—60°) 
was added to the combined cyclohexanone 
extracts, since uroporphyrin passes more 
readily into dilute HCl from this mixed 
solvent than from cyclohexanone alone. 
complete removal of the uroporphyrin was 
hen achieved by repeated extractions with 
small amounts of 2 per cent HCl until the 
yqueous extract was non-fluorescent. It 
should be mentioned that a small aqueous 
ayer separated out on addition of light 
yetroleum to the cyclohexanone; this was 
idded to the acid extracts since it may 
‘ontain some uroporphyrin. For the deter- 
mination of uroporphyrin in the acid ex- 
ract, readings were taken in a Unicam 
pectrophotometer, model SP 500, at the 


1 Two such extractions were sufficient for 
oncentrations of uroporphyrin such as_ those 
hown in Table I. In cases where the porphyrin 
ontent is very much? ~1er, three to four extrac- 
ions with cycloheyinu.c may be necessary for 
omplete removal of the uroporphyrin from the 
rine. 


Table I. Recovery of uroporphyrin I added 


to normal urine. 


«Blank» 2.e. Recovery 
apparent 
Porphyrin} uroporphyrin Not 
added content of Corrected | corrected 
(ug.) sample for blank | for blank 
(ug.) (in percent) |(in per cent) 
-I. Concentration level 1 mg/l. 
(50 ml urine. used). 

49.6 0.27 98 99 
Syl) 0.25 94 95 
IED 0.25 99 100 
oye —0.30 92 91 
Spi —0.30 90 89 
49.9 0 93 93 
49.9 0 94 94 

II. Concentration level 100 jg/l. 

(50 ml of urine used). 

5.0 0.24 89 95 
4.8 0.14 73 76 
4.8 0.14 76 77 
rl —0.48 81 i 
sil —0.48 81 72 
5.0 —0.10 87 87 
5.0 —0.10 89 87 

III. Concentration level 20 mg/l. 

(250 ml of urine used). 

5.0 —0.37 66 58 
5.0 —0.37 68 61 
Sl! —1.67 67 33 
Sail —1.67 68 35 


Soret maximum lying at 404—405 muy, and 
also at 380 my and 430 my, and the correc- 
tion formula described by Rimington & 
Sveinsson (1950) applied. E+’? was taken 
as 6517: 

Some results obtained by the use of this 
method are illustrated in Table I. 

A determination of the apparent uro- 
porphyrin content of the urine to which no 
addition had been made was carried out 
alongside every recovery experiment. The 
recoveries of added porphyrin are expressed 
in two different ways. The first column of 
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& Optical density = 


380 390 400 410 420 430 
Wavelength (mu) 


Fig. 1. Optical densities, over the range 380— 
430 mu, of final acid extracts from the same 
urine obtained by (A) the standard procedure and 
(B) the modified procedure for small quantities 
of uroporphyrin in which ether instead of light 
petroleum is added to the cyclohexanone extract. 
The straight lines represent the ideal condition 
demanded for application of the correction for- 
mula of Rimington & Sveinsson (1950). Note the 
better approximation in B and also the lower 
total absorption. 


Table I gives the true recoveries, after al- 
lowing for the ‘blank’ reading of the urine 
alone; in the second column no such allow- 
ance has been made. 

lt will be seen that at the highest uro- 
porphyrin concentration of mg/l the re- 
coveries are good and there is no significant 
difference between those calculated respec- 
tively by including and omitting the ‘blank’ 
values. At the 100 wg/l level, inclusion of 
the ‘blanks’ gives recoveries of 73—89 per 
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cent and omitting them a range of 72—95 
per cent. At the lowest level tested, 20 ug/l, 
considerable differences are introduced by 
including on omitting the ‘blanks’. Thus 
true recoveries (blanks allowed for) range 
from 66 per cent to 68 per cent, but with 
blanks omitted the range is 33—61 per cent. 
It will be seen from inspection of Table I 
that the blanks are sometimes negative, 
which can only mean that the conditions 
required by the correction formula do not 
obtain, namely a uniformly rising or falling 
absorption between 430 my and 380 mu 
due to impurities in the acid extract (see 
Rimington & Sveinsson, 1950). In order to 
study the point more closely we recorded 
the spectral absorption curve of some ‘blank’ 
acid extracts over this range (Fig. 1); a 
distinct curvature is evident which would 
lead to error when the amount of uropor- 
phyrin undergoing measurement is small. 

Modifications of the procedure were 
sought which would remedy this situation 
and it was found that by adding ether in- 
stead of light petroleum to the cyclohexa- 
none extracts the total absorption due to 
impurity passing into the acid phase was 
greatly reduced. It was necessary however 
to use 5 per cent HCl (instead of 2 per cent) 
to extract the porphyrin from the organic 
phase. The example given in Fig. 1 will 
show that the linearity of the absorption of 
such a blank was also much improved. For 
determining very small quantities of uro- 
porphyrin, such as are found in normal 
urine, we therefore recommend this modi- 
fication and some results obtained with its” 
use are given in Table II. It is rather more 
time-consuming since the separation of the 
aqueous acid phase is not so rapid as in the 
standard procedure. 

Since urines from cases of acute por- 
phyria may contain both uroporphyrin and 
porphobilinogen, the possibility of conver- 
sion of porphobilinogen to uroporphyrin 
during the extraction procedure was also 
investigated. 1 mg _ porphobilinogen was 
added to 10 ml of urine, and the standard 
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srrocedure followed. The final acid extract, 
vhich was faintly fluorescent, contained 
1.63 wg uroporphyrin. There was thus a 
onyersion of less than 0.1 per cent of the 
dded porphobilinogen to uroporphyrin. 
since, however, the porphobilinogen con- 
entration in acute porphyria urine may 
mount to 100 mg/l, the possibility exists 
hat some 100 ug/l uroporphyrin could arise 
luring the determination, if this method 
s used. 

_ The method presented here is probably 
Jf greatest value in cases of mild or sus- 
»ected porphyria or porphyrinuria, where 
. rapid, but sensitive, and reasonably ac- 
urate method for the determination of 
iroporphyrin is requiered. It has the great 
dyantage that uroporphyrin is determined 
lirectly and not by difference. One speci- 
men of urine suffices for determination of 
oth coproporphyrin and uroporphyrin. 

_ As an example of the order of agreement 
‘ound by application of (1) the present 
cyclohexanone procedure (2) the ethyl 
weetate extraction method and (3) direct 
pectrophotometry to. urines containing 
much uroporphyrin I or III), some typical 
‘esults are assembled in Table ITI. 


Table II. Uroporphyrin content of normal 
wines determined by modification of standard 
procedure (see text). 


0 ml urine analysed; correction formula of Riming- 
on & Sveinsson applied to readings on the 5 per cent 
HCI extract. 


: . Uroporphyrin 
Urine Specimen (ug/l.) 
1 Pil] 
2) 3355) 
3 74 
4 4.6 
3) 5.0 
6 4.0 
a 14.6 
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Table III. Comparison of analytical 
methods applied to pathological urines con- 
taining high concentrations of porphyrin. 


Urine Uroporphyrin (mg/l) by 
Ethyl Direct 
Cyclohexanone acetate spectro- 
- method method | photometric 
method*) 
Mr. W: 
Congenital 
porphyria 123.8 PA 167.5 
Mrs. A 
Acute 
porphyria 10.56 10.56 11.18 
Mrs. Q: 
Acute 
porphyria 3.02 
2.90 
2:87 **) 


*) Includes coproporphyrin. 
**) Shaking of cyclohexanone extract with 
0.005 per cent Iodine included. 


SUMMARY 


1. A method is described for the deter- 
mination of uroporphyrin (both I and III 
isomers) in urine or similar fluids. It in- 
volves extraction by cyclohexanone at pH 
1.5 after prior removal of coproporphyrin 
by ether-acetic acid. 

Recoveries were 66—68 per cent, at 20 
ug/l, 73—89 per cent at 100 ug/l, and 90— 
100 per cent at 1 mg/l. 

2. Experiments are reported on _ the 
extractability of both uroporphyrin I and 
Waldenstrom porphyrin from urine by 
ethyl acetate at pH 3.0—3.2. 
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| PEN Wahi EOD e Er OR: DAE ex TRAC ELON 
ORK OPORBEY RING fl PROM MOLLUSC SHELLS 
By G. Y’ KENNEDY 
From Cancer Research Unit, University of Sheffield, England 


The usual method for the extraction of 
uroporphyrin I from mollusc shells is that 
of Fischer and Haarer (1932), which in- 
volves the preparation of large volumes of 
methanol saturated with dry hydrogen 
chloride at 0° C. This is a formidable task 
in most laboratories, and an alternative 
method was sought which would be quicker 
and less expensive. After solution of the 
powdered shells in dilute hydrochloric acid, 
a solvent was required which would extract 
the uroporphyrin without interference from 
the calcium chloride formed in the solution 
process. After some considerable experi- 
ment, it was found that cyclohexanone was 
an admirable solvent for this purpose, ex- 
tracting uroporphyrin, protoporphyrin and 
coproporphyrin from their solutions in di- 
lute hydrochloric acid with facility. 


MATERIALS 
Shells 


The starting material was Persian Lingah shell, 
Pinctada vulgaris, kindly supplied by Mr. F. Sin- 
sleton, Pearl Cutter, Sheffield, and ground to a 
fine powder by the courtesy of Messrs Batchelors 
Ltd. Sheffield. 


Cyclohexanone 


This was the pure commercial product as sup- 
plied by May and Baker Ltd. of Dagenham. It 
was colorless, and had a boiling range of not less 
than 90 per cent between 153—157° C. All other 
reagents were of Analar quality. 
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METHOD 


10.79 kg of the powdered shells was added in 
small amounts to 10 litres of 10 per cent w/v 
hydrochloric acid, shaking gently, and adding a 
few drops of sec-octyl alcohol (capryl alcohol) to 
reduce frothing. The whole operation was carried 
out in a 20 litre flask, and as the acid became 
spent, the solution was decanted and fresh acid 
added. When all the shell had been added, the 
mixture was allowed to stand overnight in the 
ice-chest, and then filtered at the pump from 
insoluble residue. The filtrate was brought to 
about pH 2.0 by the addition of concentrated 
hydrochloric acid, and extracted with cyclohexa-~ 
none, portions of 3 liters at a time being shaken 
with 500 ml of the solvent in a 5 liter separating 
funnel. 

When the cyclohexanone epiphases were no 
longer red-fluorescent in ultra-violet light (Osira 
125 watt black-glass lamp), they were pooled and 
washed repeatedly with 2 per cent sodium chloride 
(6 washes of one-third of the volume each) and 
water (12 washes of one-third of the volume 
each). This thorough washing was essential to 
remove the calcium salts. The extract was then 
dried roughly by filtration through thick cyclo- 
hexanone-soaked papers (Green’s No 9041/2), and 
the solvent evaporated under reduced pressure, 
keeping the temperature as low as possible. 

When the volume of the porphyrin solution had 
reached approximately 50 ml, the residue was 
filtered through a fast cyclohexanone-soaked paper 
into 2.5 liters of ether, and the mixture left in the 
ice-chest (under a greased bell-jar and ground- 
glass plate) to flocculate overnight. The super- 
natant ether was carefully decanted, and the pre- 
cipitate washed in the centrifuge with ether several 
times. The crude uroporphyrin was then esterified 
by dissolving it in 100 ml of methanol saturated 
at 0° C. with hydrogen chloride, and left at room- 
temperature for 48 hours. The ester was recovered 
by extraction with chloroform in the usual way, 
purified by chromatography on columns of alu- 
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mina and magnesia Grade III (Nicholas 1951), 
and crystallised from chloroform and examined 
by the Chu, Green and Chu (1951) and the Falk 
and Benson (1953) techniques. This revealed the 
presence of a trace of uroporphyrin III, 


The yield 
of red-brown needles from 10.79 kg of. starting 
material was 0.274 g, melting at 289.5° C. 

This method saves the time which would be 
spent in saturating large volumes of methanol 
with dry hydrogen chloride — several weeks — 
and also saves the expense of this methanol and 
much chloroform. 


SUMMARY 
A new method is described for the extrac- 
tion of uroporphyrin | from acid solution 
by cyclohexanone. This method saves time 
and cost of materials. 
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mea MARE POE SLY ACIDS IN DIABETIC ACIDOSIS 
ANDES FARVAIION 


(Received for publication January 27, 1956) 


Reports of increased electrophoretic mo- 
bility of serum lipoproteins in diabetic aci- 
dosis in the dog (Fasoli, 1954) and human 
beings (Dangerfield, 1955) prompted the 
writer to determine the free fatty acids in 
plasma in this condition, it being known that 
free fatty acids can influence the mobility 
of lipoproteins (Laurell, 1955; Gordon, 
1955). In view of the similarities in the 
lipid metabolism in diabetes and starvation, 
the investigation was extended to include 
starving, apparently healthy human volun- 
teers. 


METHOD 


The free fatty acids were determined according 
to Grossman (1955), 2 ml of EDTA-2Na plasma 
being used for every determination. The analysis 
was started within 20 minutes of the collection of 
the sample. Centrifugation was usually carried out 
at 0° C. Analysis of the method showed that the 
procedure determines 90—100 per cent of aliphatic 
fatty acids with 1418 carbon atoms, 10—80 per 
cent of those with 8—12 carbon atoms and none 
of those with less than 6 carbon atoms nor f-oxi- 
buturic acid. S. D., as calculated on the basis of 
the results of 16 analyses of one and the same 
serum sample, was found to be 6=0.019 mEq/litre. 
Normal value, as found for 15 medical students : 
1.63 mEq/litre S. D. 6=0.12 mEq/litre. 


RESULTS 


The results obtained in a case of diabetic 
acidosis are given in Table I. In 2 other 
cases the initial concentration of the fatty 
acids was found to be 2.62 and 3.02 mEq/ 


litre, which dropped to 0.70 and 0.64 mEq/ 
litre during insulin therapy. The values 
found are not sufficient to produce any 
appreciable increase in the electrophoretic 
mobility of the lipoproteins. The results ob- 
tained with serum collected from a healthy 
subject during starvation are given in 
Table II. Three other experiments showed 
a maxium increase of free fatty acids from 
0.59 to 2.03, from 0.61 to 1.33, and from 
1.11 to 2.76 mEq/litre. 

Determination of free fatty acids after 
incubation for one hour at 37° C. was per- 
formed at one of the cases of diabetic aci- 
dosis and repeatedly during the starvation 
experiments. No increase in free fatty acids 
was noted as compared with immediately 
analysed samples treated in the cold. It 


Table I. Case of diabetic acidosis. Time= 


interval since beginning of insulin theraphy. 


Time Plasma Plasma Blood 
hours free fatty HE; sugar 
acids mEq/litre g/100 ml 
mEq/litre 
0 UP 0.40 
0.25 2.44 
25 1.92 6.8 0.26 
6.5 0.56 18.2 0.36 
8.5 24.3 
eS) 0.47 0.24 
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Table Il. Starvation experiment. Time= 


interval since last meal. 


Time Plasma 

hours free fatty 
acids 

mEq/litre 
14 0.76 
38 1.28 
62 1.50 
86 1.99 


therefore appears less likely that the high 
values can be ascribed to lipase activity in 
the serum. 

Earlier investigations have shown an in- 
crease in the cholesterol and phosphatides 
during starvation (Kartin, Man, Winkler 
& Peters, 1944; Posborg Petersen, 1952). 
It was not possiblee to interprete this by 
the transport of the fat from depots to the 
liver during starvation (Posborg Petersen, 
1952). As yet free fatty acids in plasma 
have been studied only in association with 
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clearing and postprandial lipemia. Obser- 
vations made in the present investigation 
suggest the possibility that fat might be 
transported in the form of free fatty acids. 
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Pele er iCal) DelNeyREPAK ALIVE PAPER 
DER CLVORTIORES TS 


(Received for publication February 4, 1956) 


On fractionation of serum by preparative 
saper electrophoresis the serum components 
re diluted by the spread of the proteins in 
he paper moistened with the buffer. Re- 


overy of the protein solutions in the usual 


vay by eluation with salt solutions results 
a further dilution. This is a disadvantage 
n serology, for example, because compo- 
rents of low titer in the individual fractions 
may no longer be demonstrable after such 
lution. 

In order to recover the serum components 
{ter the electrophoresis without further 
lilution, the following procedure was used. 
Che preparative electrophoretic fractionation 
nethod is described earlier (Laurell, 1955). 
After the electrophoresis the filter papers 
vere cut transversely into 2 cm wide seg- 
ments. Each segment of the filter paper was 
hen placed in a perforated plastic container, 
lesigned to fit into a centrifuge tube (fig. 1). 
The tubes with the plastic containers were 
entrifuged for 20 minutes at 3000 r.p.m. In 
his way the bulk (about 70 per cent) of the 
yuffer and the protein solution were re- 
overed from the paper. 

This method avoids dilution of the serum 
components by eluation. Eluated fractions 
an, of course, be re-concentrated, but such 
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a procedure requires time and thereby in- 
volves the risk of loss of any labile com- 
ponents of the fractions. 


Fig. 1. The perforated plastic container dimensioned 
to fit into the centrifuge tube. 
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HAS jac Eis RAIN VL 2 SaleeaNl 
ACETYLCHOLINE-CHOLINESTERASE ANY SIGNIFICANCE 
FOR PHYSIOLOGICAL HEMOLYSIS IN THE SPEEUIN: 


In a milieu of 0.9 per cent NaCl solution 


with the addition of erythrocytes and acetyl- 
choline I have observed that hemolysis 
occurs under certain conditions. Due to the 
presence of cholinesterase in the erythrocytes, 
the acetic acid splits off from the acetylcholine 
and the concentration of H*-ions increases 
correspondingly, which leads to hemolysis. 
The lower the pH, the greater the degree of 
hemolysis. These findings are in agreement 
with a recent report of Holland & Graham 
(1955): 

Under the conditions employed both by 
Holland & Graham and the present author, 
there will be a rapid and relative great 
decrease in the pH. The effect on the ery- 
throcytes of a slight decrease in pH over a 
more protracted period will thus not be de- 
monstrable. Therefore further investigations 
were made in order to study the effect of 
pH and time independently. I have left the 
erythrocytes in isotonic acetic acid-sodium 
acetate buffer, and found that hemolysis may 
then occur at a relatively slight decrease 
in pH if the erythrocytes have been left in the 
milieu for a sufficient length of time. After 
10 hours at 39°C hemolysis was demon- 
strated at pH=6.8, but to obtain correspond- 
ing hemolysis after standing for only one hour 
is was necessary to have a pH under 6.0. 
Characteristic alterations take place in the 
erythrocytes before hemolysis; they gradu- 
ally become spherical. 

These in vitro experiments are steps in an 
investigation on the possible connection be- 
tween the presence of the enzyme cholin- 
esterase in the red blood corpuscles and the 
occurrence of acetylcholine in the spleen and 
the normal hemolysis. 
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The role of the cholinesterase in the ery- 
throcytes is not known. Nachmansohn states 
in 1950 that the spleen is rich in acetylcholine, | 
and it is further known that the blood cor-| 
puscles remain in the spleen for several hours | 
(Knisely, 1936). 

Hemolysis in the spleen, associated with 
the enzyme system  cholinesterase-acetyl- 
choline should, according to the in vitro 
experiments be recognized by means of a 
decrease in the pH of the milieu in which | 
the blood corpuscles stay in the spleen. 

In order to determine the Ht-ion con- | 
centration in blood from the spleen I have’ 
developed a micromethod which allows | 
chemical determination of the H*-ion con- 
centration in a blood volume of 0.02 ml. In 
a solution containing iodate and iodide, the 
addition of Ht-ions will free equivalent 
amount of iodine. The addition of blood cor- 
puscles represents the addition of H*-ions. 

The iodine formed combines with the pro- 
tein of the corpuscles and is again freed by 
precipitating the protein with acetone. Thus 
the concentration of the iodine is a measure of 
the H*-ion concentration. The iodine is 
determined spectrophotometrically in ultra- 
violet light. By means of this method the 
pH of blood from the vena cava and from 
the spleen of rats under light anesthesia was 
determined. Both blood samples were taken 
simultaneously. Considerably lower pH 
values were found in blood from the spleen 
than in blood from the vena cava (see table). 

If the animals had been previously treated 
with physostigmine so that the cholinesterase 
activity in the blood corpuscles was markedly 
reduced, this decrease in pH in blood from 
the spleen was not found. 
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_ pH values of blood from the vena cava and from the spleen of normal rats compared 
with blood from the vena cava and spleen of rats with inhibited cholinesterase activity 
in the erythrocytes after pretreatment with thysostigmine. 


Full cholinesterase activity 
Venous blood Speen blood 


Rat No. 1 7,37 722, 
7.40 

Paice woo 7.24 

Ze 

7.02 

SOMES 7.02 
dsl 

>» 4 742 7.18 

7.41 7.10 

7.08 

Dom 1 7:43 715 

7.37 WoMz 

>» 6 7.46 7.34 
7.50 

> 7 7.42 7.05 
7.41 

» 8 7.44 7.24 
7.46 

sy Oy 129 

7.28 

>» 10 7.47 7.05 


Inhibited cholinesterase activity 


Venous blood Spleen blood 
Rate ING, Tl Wasi 7.38 
7.37 7.43 
ss We NG 7.38 
7.40 7.40 
>» 13 7.48 7.39 
7.44 7.40 
>» 14 7.38 7.38 
ly e's 7.37 
7.43 
>» 16 7.44 7.38 
Saale a4 7.37 
>» 18 7.44 7.40 
>» 19 7.48 7.45 
Tei 
> 20) 7.43 7.42 
7.47 


The different pH values obtained in spleen blood from the same rat represent blood from different 


parts of the spleen tissue. 


The results of these experiments support 
the assumption that the spleen affords condi- 
tions for hemolysis on the basis of an in- 
creased H*-ion concentration. It is reason- 
able to believe that the development of this 
lowered pH may be associated with the split- 
ting of the acetylcholine which has been de- 
monstrated in the spleen, the cholinesterase 
which is found in the erythrocytes releasing 
acetic acid, as demonstrated in the first- 
mentioned in vitro experiment. 
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